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IN THE UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF ARKANSAS 
TEXARKANA DIVISION 



INDUSTRIAL TECHNOLOGY § , 

RESEARCH INSTITUTE, § i 



Plaintiff, 



§ : Civil Action No, 09-41 10 

§ i 

§ ' JURY DEMANDED 



SAMSUNG ELECTRONICS § 

AMERICA, INC., § \ 

SAMSUNG TELECOMMUNICATIONS § ' 

AMERICA, L.L.C., AND § 1 

SAMSUNG ELECTRONICS CO., LTD., § : 

§ i 

Defendants. § ' 



PLAINTIFF'S FIRST AMENDED COMPLAINT 
FOR PATENT INFRINGEMENT AND JURY DEMAND 



Plaintiff Industrial Technology Research institute ("ITRI") brings this action for 
patent infringement against Samsung Electronics America, Inc., Samsung 
Telecommunications America, L.L.C., and Samsung Electronics Co., Ltd. (collectively, 
"Samsung") as follows: ! 

L THE PARTIES 

1 . Plaintiff Industrial Technology Rese^h Institute ("ITRI") is the Republic 
of China, Taiwan's scientific research institution having a principal address of 195, Sec. 
4, Chung Hsing Rd., Chutung, Hsinchu, Taiwan 31040, R.O.C. 

2, Upon information and belief, Samsung Electronics America, Inc. is, and at 
all relevant time mentioned herein was, a corporation organized under the laws of New 
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Vn. INFRINGEMENT OF U.S. PATENT NO. 6,883,932 

i 

47. On April 26, 2005, the USPTO issued U.S. Patent No. 6,883,932, entitled 
"Apparatus for Improving Uniformity Used' in a Backlight Module" (hereinafter "the 
'932 patent"). A true and correct copy of the !'932 patent is attached hereto as Exhibit E . 

48. ITRI is the owner of all right, tjitle, and interest in and to the '932 patent by 
assignment, with full right to bring suit to| enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. j 

49. The '932 patent is valid and enforceable. 

50. All requirements under 35 U.S.C, § 287 have been satisfied with respect to 
the '357 patent ' 

51. Samsung has been and is infringing the '932 patent by making, using, 

selling, offering for sale, and/or importing inior into the United States, without authority, 

1 

products that fall withm the scope of one or rhore claims of the '932 patent, including but 

not limited to Samsung products bearing flatlpanel displays such as the Samsung display 

1 

LN40A630M1F . i 

■I 

52. Samsung has been and is continuing to induce infringement of tlie '932 
patent under 35 U.S.C. § 271(b) and contributes to tfie infringement of the '932 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United i States, without authority, products that fall 

within the scope of one or more claims of the '932 patent. The infringing 

;i 

instrumentalities have no substantial non-infringing uses. 

i 
1 

\ 
1 

i 
i 
I 
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ORGANIC LIGHT EMITTING DIODE WITH DETAILED DESCRIFTIOK 

BRIGHTNESS ENHANCER 

The invention provides an OLED to enhance luminescent 
BACKGROUND efficiency. The OLED of the invention is a conventional 

5 OLED with a cholesterol liquid crystal thin film layer as a 
Hae ioyeniion relates to an oj^anic light emitting diodes .brightness enhancer, drawing trapped light out of tlM! device 
(OLED) and in particular to an OLED with a brightness to enhance luminescent efficiency. FIGS. 2-4 aie cross 
enhancer. -sections of OLEDs with brightness enhancns. 

OLED qualities such as light weight, slim profile, low 
power consumption, wide viewing angle and fast response lO First Embodiment 

time make it is a popular display choice. When luminescent 

efficiency of the OLED reaches 100 Lm/W, it can replace FIG. 2 is a cross section of an OLED with a brightness 
conventional light sources. Thus improving OLED effi- enhanceraccordingto the first embodiment of the invention, 
ciency is an important issue. The OLED comprises a substrate 13. An anode electrode 14 

Recently, lifetime and brightness of OLEDs have 15 is formed on the substrate 13. The anode electrode 14 
improved, but not substantially. Organic materials and glass comprises a transparent electrode, a metal electrode or a 
substrate have a higher refraction than air, such that light complex electrode. An organic light emitting layer 15 is 
easily reflects or emits from device sides. About 80% light formed on the anode electrode 14. The organic light timitting 
is trapped in the device, making the quantum efficiaicy of layer 15 comprises monolayer or multilayer small molecular 
OLED less than 20%. 20 or polymer oiiganic light emitting materials. The organic 

An improved OLED device 10 is shown in FIG. 1, Hgbt emitting layer 15 is fonned by thermal evaporating 
comprising polariang fihn 11/substrate 13i/anode electrode small molecular organic light emitting material under 
14/oiganic light emitting layer 15/and cathode electrode 16 vacuum, or by spin-coating, ink-jetting or screenprinting the 
encapsulant (not shown). The metal electrode provides good polymer organic light emitting material. The oiganic light 
the reflection performance, however, double image is 25 emitting layer IS further comprises at least one electron 
induced by exterior light entering the OLED device and injection layer and/or an electron transfer layer theiBon, and 
reflecting. Apolarizinig fihn 11 with a '/^wavelength delayer at least a hole injection layer and a hole transfer layer 

eliminates this pioblon. However, polarizing film 11 beneath the organic light emitting layer 15. 
decreases brightness by more than because it not only A cathode electrode 16 is formed on the organic light 
blocks exterior li^t but also light emitting from the device. 30 onitting layer IS. The cathode electrode 16 coioprises a 

transparent electrode, a metal electrode or a comfdex elec- 
SUMMARY trode. The anode electrode 14 and cathode electrocle 16 are 

formed by sputtering, electron beam evaporation, thermal 

Accordingly, mbodiments of the invention provide a evaporation, chemical vapor deposition or spray pyrolysis. A 
oiganic light emitting diode (OLED) with a br^htoess 35 brightness enhancer 12 is posted on the other surface of the 
enhancer. substrate 13, and a polarizing fihn. 11 is posted on the 

In an embodiment of the invention, an ojganic light brightness enhancer 12. The OLED has a structure compris- 
emitting diode (OLED) with a brightness ajiancer com- ing polarizing film 11/brightness enhancer 12/substrate 
prises a substrate having a first surface and a second surface 13/anode electrode 14/oiganic light emitting layer 15/cath- 
opposite thereto. An anode electrode is disposed on the first 40 ode electrode 16. The invaition is not limited to the above 
surface of tiie substrate. An organic light emitting layer is fabrication technologies, and other suitable methc><js can be 
disposed on the anode electrode. A cathode electrode is used. 

disposed on the organic light emitting layer. A brightness Since light 18 is emitted through the substrate 13 of the 
enhancer is disposed on tiie second surface of the substrate. device 10, substrate 13 transparent, such as glass or plastic 
In another embodiment, an organic light emitting diode 45 substrate- Tlie polarizing fihn 11 polarizes light 18 due to 
(OLED) with a brightness enhancer comprises a substrate. dichromatic or double refiraction of specific substance, or 
An anode el«;trode is disposed on the substrate. Anorganic reflection or refraction at an interface between two sub- 
light emittiqg layer is disposed on the anode electrode. A stances. The brightness enhancer 12 comprises a cholesterol 
cathode electrode is disposed on the oiganic light emitting liquid crystal thin fihn layer or muhilayer thin film layer, 
layer. A brightness enhancer is disposed on the cathocte 50 such as 3M. DBEF series device. Preferably, the anode 
electrode. electrode 14 comprises transparent indium tin oxide (ITO) 

or indium zinc oxide (IZO). The organic light em-tting layer 
DESCRIPTION OF THE DRAWINGS 15 preferably comprises OLED or polymer liglit emitting 

diode (PLED). The cathode electrode 16 prefeaably com- 
The embodiments can be more fiilly understood by read- 55 prises Al, Mg, Ag, Ca or alloys thereof, 
ing Q» subsequent detailed description and examples with 

references made to tlie accompanying drawings, wherein: Second Embodiment 

FIG. 1 is a cross section of a conventional OLED struc- 
ture, FIG. 3 is a cross section of an OLED with a brightness 

FIG, 2 is a cross section of an OLED with a brightness eo enhancer according to the second embodiment of the inven- 
enhancer according to the first ^bodimeat of the invention. tion. The OLED 30 has a structure of substrate 13/node 

FIG. 3 is a cross section of an OLED with a brightness electrode 14/organic light emitting layer 15/ca»liode elec- 
enhancer according to the second embodiment of the inven- trode 16/brightness enhancer 12/transparent encapsulant 
tion. 17/polarizing film 11. The differences between the first and 

FIG. 4 is a cross section of an OLED with a brightness 65 second embodiments are the brightness enhancer 12 posted 
oihaiKer according to the third embodiment of the inven- on the cathode electrode 16, ihs brij^tness eohancear 12 
tion. enc^sulated by the transparent encapsulant 17, and the 
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polarizing film 11 posted on the transparent encapsulant 17. 
The invention is not limited to above fabrication technolo- 
gies, and other suitable methods can be used. 

Since light 18 is emitted through the cathode electrode 16 
of the device, substrate 13 transparent or opaque, such as 
glass or plastic substrate. The anode electrode 14 comprises 
Pt or Au metal electrode; or iodium tin oxide (ITO) or 
indium anc oxide (IZO) electrode with Au, Ag or Al 
reflective thin film. The cathode electrode 16, transparent or 
semi-transparent, such as Al, Mg, Ag, Ca or alloys thereof; 
or indium tin oxide (ITO) or indium zinc oxide (IZO) 
electrode with Al, Mg, Ag, or Ca thin film. The transparent 
encapsulant 17 comprises transparent glass or plastic. Other 
materials of die device are the same as in the first onbodi- 
ment. 

Third Embodiment 

FIG. 4 is a cross section of an OLED with a brightness 
enhancer according to the third embodiment of the inven- 
tion. The OLED 40 has a structure comprisii^ substrate 
13/anode electrode 14/oiganic light emitting layer 15/cadi- 
ode electrode 16/transparent encapsulant 17/brightness 
enhancer 12/polariang fihn 11, The difference between the 
second and third embodiments is the brightness enhancer 12 
positioru Other fiibrication and materials of the device are 
the same as in ihe second embodiment. 



i0,719 B2 

4 

ness enhancer provides a 1.5-1.7 times die brightness of 
OLED without the brightness enhancer. 

Example 2 

5 

The fabrication method and materials of Example 2 are 
the same as Example 1, except the brightness enhancer 12 
was synthesized by the fiibrication method disclosed in U.S. 
Pat. No. 6,721 ,030, with 420-720 nm reflective wav elength 
rai^e. The bri^tness of this example is shown in Table 1. 

Example 3 

IS The fabrication method and materials of Example 3 are 
the same as example 1, except the brightness enhancer 12 
was synthesized by the fabrication method disclosed in U.S. 
Pat. No. 6,721,030, with 42&~810mn reflective wavelength 
rangie. The brightness of this example is shown in Table 1. 

Comparison Example 

The fabrication method and materials of the con)]>arative 
25 Example are the same with Example 1, except the ire is no 
brightness enhancer 12 in the device. The bri^tnejis of this 
con^arison example is shown in Table 1. 



TABLE 1 







Brightness 


Brightness 


Brightness 
3(cdAn^ 


Biightness 


Average 


Sample No. 


Test angle 


I (cdAn^ 


2 (c*in*) 




(ed/m^) 


Example 1 


0* 


909 


917.7 


921.3 


912.6 


915.2 




925.3 


934.7 


932 


940.9 


933.2 






929.6 


934.4 


943.5 


937 


936.1 






851.5 


859.7 


830.3 


834.1 


843.9 


Exaiiq)le2 




741.6 


743.7 


744.3 


733.9 


740.9 


10' 


745.2 


756.3 


755 


741.3 


749.5 




20° 


744.9 


752 


753 


733.1 


754.8 




30° 


649,3 


647.4 


644.1 


647.5 


647.1 


Example 3 


0° 


S48.6 


875.2 


879 


884.7 


871.9 




10" 


851.7 


S87.8 


890.1 


899.4 


882.3 




20* 


848.2 


881 


893.6 


908.6 


882.9 




30" 


755.4 


756 


772.4 


798.6 


77(X6 


ContpafiBon 


0" 


5785) 


576.6 


564.3 


56B.2 


572 


Example 


10' 


582.9 


569.3 


563.6 


563 


569.7 




20» 


601.2 


588.S 


582.5 


579.6 


588 




30° 


567.4 


561.5 


549.9 


550.6 


557.4 



Example 1 The brightness enhancer of the present invention com- 

^ prises a reflective polarization transform deaetA. The 

First, a glass substrate 13 was provided. 150 nm indium reflective polarization transfonn element comprises a cho- 

tin oxide (ITO) was formed on the glass substrate 13 by lesterol liquid crystal thin film layer to polarize liglit mto left 

sputtering under 10"^ torr at mom temperature as a trans- and right polarized light. The opposite optical rot£ition hght 

parent anode electrode 14. 100 nm OLED material was 55 transmits the cholesterol liquid ciystal thin fihn layer and the 

formed on the anode electrode 14 by vacuum thermal same optical rotation light is reflected. TTie reflect;d light is 

evaporation as an organic light emitting layer 15. 1 20 nm Al reversed to transmitted light by the metal layer as a reflective 

metal layer was formed by vacuum thermal evaporation as surface of the OLED and through Ya wavelength delay layer 

a cathode electrode 16. 10 fmi cholesterol liquid crystal thin to emit all the interior light. The brightness of the OLED is 

fihn layer was post on another side of the substrate 13 as a ^ two times that of the conventional OLED. Above examples 

brightness enhancer 12. A conmietx;ially available polarizing prove the OLED has 1.6 times the brightness of conven- 

film 11 was posted on the brightness enhancer 12, providing tional OLED, requiring no added power. 

OLED structure 20 ofpolariang film 11/brightness enhancer While the invention has been described b}' way of 

12/substrate 13/aaode electrode 14/organic light anitting Example and in terms of preferred embodiment, it is to be 

layer 15/cathode electrode 16/encapsulant (not shown). ^5 understood that the invention is not limited thereto. To the 

The brightness of (f, 10*. 20**, 30* from normal of contrary, it is uatended to cover various modifications and 

structure 20 are shown in Table 1 . This OLED with bright- similar airangpments (as would be apparent to tiiose skilled 
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in the art). Therefore, the scc^ of the appended claims a substrate; 

should be accorded the broadest interpretation to encompass an anode electrode disposed on the substrate; 
all such modifications and similar airangements, gn organic light emitting layer disposed on the anode 

What is claimed is: electrode; 

1. An organic light emitting diode (OLED) with a bright- 5 ^ ^^^^ ^^^^ ^^ ^^^^ ^^^^ ^^^^^ 
ness enhancer, compnsmg: j ^^^j *^ o 

a substrate having a first surface and a second surface . . , ' , , ^ , ^ j 

opposite thei«to' ^ brightness enhancer disposed on the cathode electrode, 

an anode electrode disposed on the first sur&ce of the 13. The OLED as claimed in claim 12, further comprising 

substrate; 10 ^ transparent encapsulant on one the OLED top or aottom 
an organic light emitting layer disposed on the anode surface. 

electrode; 14 . The OLED as claimed in claim 1 2, further comprising 

a cathode electrode disposed on the organic Hg)it emitting a polarizing film on the outermost OLED. 

layer, and 15. The OLED as claimed in claim 12, whennn the 

a brightness enhancer disposed on the second surface of is substrate is transparait or opaque glass or plastic substrate. 

^e subsh^te. _ 16. The OLED as claimed in claun 12, whenjin the 

2. The OLED as claimed m claim 1, further compnsmg a ^^^^^^^ enhancer is a reflective polarization transform 
polanzmg film on the bnghtness enhancer. element 

3. The OLED as claimed in claim 1, wherein the substrate ^rr-r^ ^ ■ j i i. 

is transparent glass or plastic. 20 , ^he OLED as clmmed m claim 16 wherein the 

4. The OLED as claimed in claim 1, wherein Uie bright- ^"^2^^"^' comprises at least a cholesterol liquid 
ness enhancer is a reflective polarization transformation crystal tnm nim layer. 

element. Th« OLED as claimed in claun 12, wherein the 

5. The OLED as claimed in claim 4. wherein die bright- brightness enhancer is multilayered. 

ness enhancer comprises at least a cholesterolliquid crystal 2$ 19. The OLED as claimed in claim 12, wherein the 
thin film layer. brightness enhancer is a film separating differait polarized 

6. The OLED as claimed in claim 1, wfaerdn die bright- ]i£^t into transmitted and reflective li£^t. 

ness enhancer is multilayered, 20. The OLED as claimed in clam 12, wherran ths anode 

7. The OLED as claimed in claim 1, wherwn the bright- electrode is Pt, or An metal dectrode; or indium tin oxide 
ness enhancer comprises a film separating different polar- 3o (ixo) or indium zinc oxide (IZO) electrode with Au, Ag, or 
ized lights into transmitted and reflective light. a1 reflective layer, 

8. The 9LED as claimed in cUdm 1, wherein the anode ^1. Tlie OLED as claimed in claim 12, wheiein the 
electrode is indmm tm oxide (ITO) or mdium zinc oxide ^^^^ ^^^^j^ j^y^^ qlED or polymer light 

" h r^r^r^ • emitting diode (PLED). 

9. The OLED as claimed m claim 1, wherein the orgamc 35 „^ . . , . , . . 
KgbtemittinglayerisOLEDorpolymerlightemittingdiode 22. The OLED as clami^ m clami 12, whe.^ the 
rWLEDI r J a- o orgamc hght emittmg layer further compnses at least one 

10. TheOLEDasclaimedinclaiml, whereintheoiganic ^^^^^ injection lay« an electrm transfer layer, a hole 
light emitting layer fiirlher comprises at least one electron 1^^' ^ "^'^^^ ^^^'^ 

injection layer, an electron transfer layer, a hole injection 4o 23. The OLED as claimed m claim 12, wherem the 

layer and a hole transfer layer. cathode electrode is Al, Mg, Mg, Ca or alloys the reof; or 

11. The OLED as claimed in claim 1, wherem the cathode indium tin oxide QJO) or indium zinc oxide (IZO) electrode 
electrode is Al, Mg, Ag, Ca or alloys thereof. witii AI, Mg, Ag, or Ca thin film. 

12. An organic light emitting diode (OLED) with a 

brightness enhancer, comprising: * * * * ^ 
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(57) ABSTRACT 

A light source device and projector using the ;!ame is 
provided. The light source de^ce inchides multi|ile light 
source modules and a multi-chamiel optical light tube. The 
multi-channel optical light tube includes muhiple channels, 
each of which has a light guiding portion and corre$]3onds to 
one or more of the light source modules. The light source 
'module transmits the output light to the coiresponding light 
channel, and the light guiding portion of each light channel 
is provided with a reflective surface for wmbining the light 
input through the light channels to tiie multi-diannel optical 
light tube, thus providing the ou^t of ^e light source 
device. 

20 Claims, 9 Drawing Sheets 
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FIG. 1 (PRIOR ART) 
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FIG. 2A (PRIOR ART) 



202 



RG. 2B (PRIOR ART) 
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FIG. 3B 
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53. Samsung had and continues to have actual knowledge of the '932 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung's infringement of the *932 patent was and 
continues to be willful, ;' 

54. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured anid has sustained and will continue to sustain 

substantial damages. . 

I 

55. Unless Samsung is enjoined by this Court from continuing their 

infringement of the '932 patent, ITRI will suffer additional irreparable hann and 

1 

impairment of the value of its patent rights. | 

56. ITRI has incurred and will incUr attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 

;i 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses: 

Vm. INFRINGEMENT OF ij.S. PATENT NO. 7,125,141 

i 

57. On October 24, 2006, the L|SPTO issued U.S. Patent No. 7,125,141, 
entitled "Apparatus for Homogeneously Distributing Lights" (hereinafter *'thej *141 
patent"). A true and correct copy of the ' 141 patent is attached hereto as Exhibit F . 

58. ITRI is the owner of all right, title, and interest in and to the ' 141 patent by 

j 

assignment, with full right to bring suit to "enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. 

5 9 . The '141 patent is valid and enforceable. 

i 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pa ge 11 



Case 4:09-cv-04110-HFB Document 10-3 Filed 1 1/05/09 Page 8 of 38 
U.S. Patent Sep. is, 2007 sheet 6 of 9 US 7,270,457 B2 




Case 4:09-cv-041 10-HFB Document 10-3 Filed 1 1/05/09 Page 9 of 38 




Case 4:09-cv-04110-HFB Document 10-3 Filed 1 1/05/09 Page 10 of 38 



U.S. Patent Sep. is, 2007 sheet 8 of 9 US 7^70,457 B2 




m 

CD 
CD 



Case 4:09-cv-041 10-HFB Document 10-3 Filed 1 1/05/09 Page 1 1 of 38 
U.S. Patent Sep. 18, 2007 sheet 9 of 9 US 7,270,457 B2 




Case 4:09-cv-041 1 0-HFB Document 1 0-3 Filed 1 1 /05/09 Page 1 2 of 38 



US 7,270.457 B2 
1 2 

LIGHT SOURCE DEVICE AND PROJECTOR SUMMARY OF THE INVENTION 
USING THE SAME 

Accordingly, the present invention is (Greeted to provide 

CROSS-REFERENCE TO RELATED a portable micro light source device, the volume of vi'hich is 

APPLICATION 5 effectively reduced, thus presenting a better heat &in3di^ 
effect and having an ptoloAged service life. 

TTiis application claims the priority benefit of Taiwan , embodiment of the light source device proposed by 

application serial no. 94139058. filed on Nov. 8. 2005. All Present mvention mcludes multiple ligit source modules 

disclosure of the Taiwan application is incoiporated h««in «^f. « muta-channel optical lighl tube. mulu-channel 

by lefereuce optical light tube includes multiple channels, each of which 

has a light guiding portion and corresponds to one or more 

„ ^„ ^^.^^ . of the light source modules. The light source module trans- 

BACKGROUNDOF THE INVENTION mits the output light to the conespo^ing light chan:ie], and 

the light guidiog portion of each light channel is provided 

1. Field of die Invention 15 with a reflective surface for combining the li^ t input 
Furtfiermore, in the U.S. Pat. No. 6,318,863 of the same through the light channels to the multi-channel opti(jal light 

inventorship as the present invention, referring to FIGS. 2A providing the output of the light source device, 

and 2B, a light source device is arranged in an array. The ^h® abovementioned light source device further includes 

light source device proposed iadudes a light source 200, an ® 8K>up for refracting or scattering the ligjit output by 

array of taper light pipes 210, a taper light pipe 220, and a ^ *® muM-channel optical li^t tube, 

light valve 230. The light source 200 is an array of multiple Z^"^*^ abovementioned light source device, the total area 

light emitting modules 202. The array of taper light pipe 210 Summons flux of the l.^t channels equals to the area 

is consisted of multiple light pipes 212. Each of thrUght multi-channel optical light 

pipes 212 has a first end 212a and a second end 2126. The ... 

fii^t end 212a of each Hght pipe 212 is closely connected to ^^"i^^'^''^^^^'^^ device, Ae surface of 

each light emitting module to collect the laige angular beam ^ P^^*'^ ^''^^^ ' ^^"^ ^ 

from each light emitting module and convert the light t .i. v *: ^ v j - i- l 

A 1. *u r 'snA • * 11 1 f In the abovemenhoned light source device, tie light 

emitted by the hght source 200 mto small angular light. , , ^ i.- *• 

-r^ A. 1- • J r .1- . , soiirce modules provide different light soince coniDuiations 

Tliereby the muform UghUs emitted from the second end 30 ^^3^^^ compon«its of the emitted by the light 

212^» of each light pipes 212. The taper light pipe 220 has a source device .r 

fiKt end 220a and a second end 220^. The first end 220^ is j„ abovemeoitioned light source device, the L5D light 

to receive the umform light emitted from Ae array of ^^^^^ ^ „f ^^^^j ^ ^^^^ ^ 

teper light pipe 210 and then overlap the received light onto ^^d blue (B) LEDs, or an array of multiple single- color or 

the light valve 230 umformJy. The structure can improve the " white LEDs 

luminance of the integral output light source. abovementioned light source device, the light 

2. Description of Related Art source modules are Organic Light Emitting Diode (OLBD) 
Accordingly, the present invention is directed to provide light source modules, Laser Diode light source modules, 

a portable micro light source device, the volume of which is Electro-luminescence Device light source moduha, Field 

effectively reduced, tiius presenting a better heat smldng Emission Display light source modules or Cold Cathode 

effect and having a prolonged service life. Fluorescence Lamp light source modules. 

Furthermore, in the U.S. Pat. No. 6318,863 of the same In the abovementioned hght source device, the muhi- 

inventorship as the present invention, referring to FIGS. 2A channel optical light tube includes a heat dissipation fm for 

and 2B, a light sources are arranged in an array. The light 45 heat sinking. 

source device proposed includes a light source 200, an array The projector in one embodiment of the present invention 

of taper light pipes 210, a taper light pipe 220, and a light includes a light source device and an image generating 

valve 230. The light source 200 is an anay of muhiple light module. The light source device mchides multiple light 

emitting modules 202. The an array of taper light pipe 210 source modules and a multi-channel optical light tube. The 

is consisted of multiple light pipes 212. Each of the light 50 multi-channel optical light tube includes muhiple channels, 

pipes 212 has a first end 212a and a second end 2126. The each of which has a light guiding portion and corresponds to 

first end 2l2a of each light pipe 212 is closely connected to one or more of the light source modules. The liglit source 

each light emitting module to collect the laige angular beam module transmits the output light to the corresponding light 

from each hght emitting module and convert the light channel, and each light guiding portion of each light channel 

emitted by the light source 200 into small angular light. 55 is provided with a reflective surface for combining the Hght 

Thereby die uniform li^t is emitted &om the second end input through the light channels to the multi-channel optical 

212fc of each light pipes 212. The taper light pipe 220 has a light tube, thus providing the output of the liglit source 

first end 220a and a second end 220fe The first end 220a is device. The image generating module generates a oorre- 

used to receive the uniform light emitted from the array of sponding image with the light produced by die light source 

taper light pipe 210 and then overlap the received light onto gg device, based upon an image signal source, 

the h^ valve 230 unifbnnly. Hie structure can uniwove ttie The abovementioned projector further includes a heat- 

lununance of the integral output light source. sink device, wherein the light source device dissipates heat 

However, if the abovementioned light source device is through the heat-sink device, 

applied in the micro light source device, particulariy in the The abovementioned projector is a LCD projector device, 

portable micro projector, it is too lai^e to be miniaturized. 65 a single-panel or three-panel Liquid Crystal on Silicon 

Additionally, the problem of heat sinking is not easy to be (LCOS) projector device, or a Digital Ught Processing 

solved, thus reducing the service life of the light source. (DLP) projector device. 
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Inordertothemaketheaforementioiiedaiidotherobjw^ taken forthe purpose of illustration, but it does notmoanthat 
features and advantages of ihe presmt invoition compre- tbe present invention is limited to the light source dev ice and 
haisible, a piefaied anbodiment accompanied with figures projector of the LED. 

is described in detail below. Referring to FIG. 3 A, it shows a light source device 

5 applied in the LED projector in one embodiment of the 
BRIEF DESCRIPTION OF THE DRAWINGS present invention. FIG. 3B is a schematic view illustrating 

the components of the light source device of tbe LED 

FIG. 1 is a schematic view illustrating anangem^ of the projector according to a preferred embodiment in F (G. 3A. 
LEDof a conventional LED projector, The embodiment of the present invention is illustrated 

FIGS. 2A and 2B illustrates the light source device lo according to FIGS. 3A and 3B. In the multi-chanrel light 
arranged in an array of the conventional light source; source device of the present invention, lights of the multiple 

FIG. 3 A illustrates a light source device applied in the small channels are collected and then combined into ihe total 
LED projector in one embodiment of the present invention; light of a large light through tube, thus achieving laniform 

FIG. 3B is a schematic view illustrating die compoMsats and mixed li^t effects at fbs same time, 
of the light source device of the LED projector according to 15 Firstly, different LED li^ts, such as the LED light source 
the preferred embodiments of FIG. 3A; inputs 310, 320, 330, and 340 in FIG. 3A, are input to the 

FIG. 4 A is a schematic view illustrating the combinations multi-channel optical light guide tube 350 via inp jt holes 
of light source received in the light through tube inside the 315, 325, 335, and 345 respectively. The input hole 335 is 
body of the optical light tube at the cross section between the shown in FIG. 3B. The total cross-section aiea of tie input 
Line M and Line II-II in FIG. 3A; 20 holes 315, 325, 335, and 345 is equal to or approxiimate to 

FIGS. 4B, 4C, and 4D illustrate the components of Ihe the area of the cross section between Line I-I and Line H-IT 
light fiom different ligjit channels in the cross section of of the body 351 of the multi-channel optical light guide tube 
FIG. 4A; 350. Of course, in an alternative embodiment, it is mmec- 

FIG. 5 illustrates a light source device ^lied in the LED essaiy that the total cross-section area of the input holes 315, 
projector according to the embodiments of the present 25 325, 335, and 345 equals to the area of the cross section of 
invention; the guide tube body 351 of the multi-channel optical light 

FIG, 6 illusttates a LCD projector device employing the guide tube 350, as long as a proper adjustment is made, 
light source device of the preferred embodiment of the After being input through the input holes 315, 325, 335, 
present invention; and 345 respectively, lights from the LED light soun;e inputs 

FIG. 7A illustrates a LCDS projector device with three 30 310, 320, 330, and 340 are reflected to the interior of the 
LCOS panels employing the light source device of the guide tube body 351 of the multi-channel optiiial light 
preferred embodiment of the present invention; source guide tube 350, through light channels resjjectively 

FIG. 7B illustrates a LCOS projector device with single formed by light guiding portions 313, 323, 333, and 343, and 
LCOS panel employing the light source device of the then an uniform and mixed light 360 is output via m output 
prefared embodiment of the present invention; and 35 hole 370. In one embodiment, the LED light source inputs 

FIG. 8 illustrates a DLP projector device employing the can be applied with one LED light source, or a plurality of 
light source device of the prefened embodkieat of the LED light sources, according to design desired. In addition, 
present invention. if the plurality of LED light sources are implemented herein. 

an arrangement of the LED light sources can also be 
DESCRIPTION OF EMBODIMENTS 40 configured for perforaiance. According to an optical invari- 

ance principle, a total area of himinous flux of the light 

The present invention discloses a uniform light source channels formed by die light guiding portions 313, 323, 333, 
device and a projector, which employs several light sources and 343 equals lo an area of luminous flux of a li^t guiding 
to achieve both imiform light and mixed light effects through portion formed by the guide tube body 351. The light 
the multi-channel optical light tube and the light source lens 45 gmding portions 313, 323, 333, and 343 are defdgned as 
group. In addition, the area for heat sinking can be greatiy curved faces or arc faces. A light reflective suifa.:e 380 is 
expanded by using the ring-shaped and spherical light provided inside the curved face or the arc face of (ach light 
source distribution technique in the heat sinldng region of guiding portion 313, 323, 333 or 343. The light reflective 
the light source device, and the effect of heat sinking can be surface 380 is formed by, for example, coating £ layer of 
further improved by applying the heat conchiction mecha- 50 silver or other materials having reflective effe< t on the 
nism to the housing, thereby prolonging the service life of surface, for reflecting the incident light, 
the light source. The light source device and projector can be If the light source required by the projector is the thr«e 
applied to a variety of micro imaging panels, such as the primary colors (i.e. red, green and blue, respectively denoted 
Liquid Crystal Display (LED), Liquid Crystal on Silicon as '-R", "G" and "B", hereinafter), the light soun:e can be 
(LCOS) panel, and the Digital Light Processing (DLP). 55 divided as RGGB, i.e. the light entering the position 410 is 

The light source described above is, for example, a Light set to be red, and the light entering the positions 420 and 430 
Emitting Diode (LED), an Organic Light Emitting Diode is set to be green, and the light entering the posit'on 440 is 
(OLED), a Laser Diode (LD), an Electro-luminescence set to be blue, as ^wn in FIG. 4B. Of course^ the 
Device (EL), a Field Emission Display (FED) or a Cold arrangement of the colors of the incoming lig)it can be 
Cathode Fluorescence Lamp (CCFL) or the hke. Each of the eo modified according to the required application, but is not 
channel optical light tubes can be applied with one light limited ther^o. Assuming fliat the light source required by 
source, or a plurality of light sources, according to design the projector is mono, the light at the positions 410-440 is set 
desired. In addition, if the plurality of light sources are to be the mono light, as shown in FIG. 4C. Assuming that the 
implemented herein, an arrangement of the light sources can light source required by the projector is white, the 1 ight at the 
also be configured for performance. 55 positions 410-440 is set to he white, as shown in FIG. 4D. 

To detail the features of the present invention, the appli- Fcnr the light source device proposed by the pre&?nt inven- 
cation of the LED projector in an onbodiment below is tion, tbe light source can employ the LED modules that 
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include the combinations of several R, G, B or other color the application. The light 515 emitted by the multi-channel 

LEDs, or an array of mono LED, or the like. With such optical light guide tube 510 has the uniform and maaii light 

design, the electronic device ofthe light source device of the effect, and can be converted into the desired beum 525 

present invention, such as the projector, can provide light through the lens unit 530. 

sourcesof different characteristics as desired. 5 Referring to FIG. 7B, it is a schematic view mainly 

In addition, the multi-channel optical light guide tube 350 ilhisttating the LCOS projector device 700B employing the 

can also be connected to a heat ccmduction or heat-nnk light source devise of ti[ie prefeired embodiment of ibe 

device that is an original heat dissipation structure of the present invention. The LCOS projector devise 700B has a 

LED light source, or an additional heat dissipation fin for single LCOS panel 725 and uses the light source device of 

increasing the heat sinking area and the heat sinking efS- 10 the present invention. The light source of the light source 

ciency. In an alternative embodiment^ a fan is fiirther used to device 710 is, for example, a LED light soiu-ce. The incom- 

cooHol the heat flow, &cilitatii^ overall heat sinkii^ ing light is reflected by the reflective lens 720B to the color 

effect. drum wheel 722 having multiple different Altering regions. 

For the light source device applied in the LED projector As such, the incident li^t can contact the filtering regions 
according to the embo(^ment of the present invention, a is in different positions through the rotation of the color drum 
portion of the uniform and mixed light effects is shown in wheel 722, so that the three primaiy co]ors(red, green and 
FIG. 4A that is a schematic view illustrating the combina- blue) can be separated. And then the separated lights Irans- 
tions of the light source received in the light through tube mitted to the corresponding LCOS panel 725 thrcugh the 
inside the guide tube body 351 of the multi-channel optical polarizing plate 724 and the polarizing beam splittsrr 730B. 
light guide tube 350 at the cross section between Lines I-I 20 Subsequently, the produced full-color image passing 
and II-II in FIG. 3A. Herein, it is assumed that the light throu^ the polarizing beam splitter 730B is finaly trans- 
introduced by the light guiding portions 313, 323, 333, and mitted to the di^lay screoi via the projectmg lens 750. 
343 are positioned at positions 410, 420, 430, and 440 The present invention is illusGrated by taking the pTOjector 
respectively, in which the light is provided by different LED of the light source device of the present inventic n as an 
light sources. The design of different LED light sources 25 example, but is not limited to it. 

proposed by the present invention refers to disposing the Referring to FIG. 6, it is a schematic view maiiJy illus- 
LED light sources at different positions rato than disposing trating the LCD projector device 600 employing the light 
togeflier at the same position as the conventional art, such source device of the preferred embodiment of the present 
that a heat sinking mechanism is formed, thus prolonging the invention. The LCD projector device 600 employs the light 
service life of the LED greatly and improving the ova-all 30 source device 610 of the present invention, and the light 
light emitting eflBciency. Moreover, based upon the demand source of the Hght source device 610 is, for example, a LED 
for miniaturization, the volume of the LED light emitting light source. The three primary colors (red, green ajid blue) 
modules can be controlled more efficiently Id fit the portable can be separated when the incoming light passes tlirou^ a 
micro projector. dichroic mirror 620, and then transmitted to the correspond- 
If the light source required by die projector is the three 35 ing LCD panel 630. Subsequently, after combioing the 
primary colors (i.e. red, green and blue, respectively denoted produced three-primary -color image through the combining 
as "R", "G" and "B", hereinafter), the light source can be prism 640, a fiiU-color image is generated and then trans- 
divided as RGGB, i.e. the light entering the position 410 is mitted to the display screen via the projecting lens 650. 
set to be red, and the light entering the positions 420 and 430 Referring to FIG. 7A, it is a thematic view mainly 
is set to be green, and the light entering the position 440 is 40 illustratiqg the LCOS projector device 700A empkiyiog the 
set to be blue, as shown in FIG. 4B. Of course, tiie li^t source device of the prefeared embodiment of the 
arrangement of the colors of the incoming light can be present invention. The LCOS projector device 700A has 
modified according to the required application, but is not three LCOS panels 725 and employs the light source device 
limited thereto. Assuming that the li^t source required by 710 of the present inveaition. The light source of the light 
tiie projector is mono, the light at the positions 410-440 is set 45 source device 710 is, for example, a LED light source. The 
to be die mono Hght, as shown in FIG. 4B. Assuming that the diree primary colors (red, green and blue) can be sEparaled, 
light source required by the projector is white, the light at the and then transmitted to the corresponding LCOS panel 725 
positions 410-440 is set to be white, as shown in FIG. 4C, when the incoming li^t passes through several dichroic 
For the light source device proposed by the present inven- mirror groups 720. Subsequently, after combinins; the pro- 
tion, the light source can employ the LED modules that so duced three-primary-color image through the combining 
mclude the combinations of several R, G, B or other color prism 730, a full-color image is generated and tt en trans- 
LEDs, or an array of mono LED, or the like. With such mitted to the display screen through the reflective lens 740 
design, the electronic device of the light source device of the and the projecting lens 750. 

present invention, such as the projector, can provide light Referring to FIG. 7B, it is a schematic vie^v mainly 

sources of different characteristics as desued. 55 illustrating the LCOS projector device 700A employing the 

Referring to FIG. 5, the light source device for the LED light source device of the preferred embodimeat of the 

projector of the present embocUment is the LED light source present invention. The LCOS projector device 7(K)A has a 

device 500 mainly including the LED array 520 associated single LCOS panel 725 and uses the light source device 710 

with the small channels, a multi-channel optical light guide of the present invention. The light source of the lii^ht source 

mbe 510 and a lens unit 530. The present embodiment 60 device 710 is, for example, a LED light source. Tlie incora- 

employs the LED array to produce a desired Hghl source. ing light is reflected by the reflective lens 720B to the color 

However, it is known to those skilled m the art that the light drum wheel 722 having multiple different filterinji, regions, 

source can be replaced by any light source which can As such, the incident light can contact the filtering regions 

produce the desir^ light. The joining relation between the in different positions through the rotation of the olor drum 

LED array 520 and the conresponding small channel formed 65 wheel 722, so that the three primary colors(red, ; jreen and 

by the light guidii^ portions can be close connection or blue) can be separated. And then the separated lights are 

separated by a small pitch depending on the requirement of transmitted to the corresponding LCOS panel 725 through 
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the polarizing plate 724 and tfie polarizing beam splitter 
730B. Subsequently, the produced fiiH-color image passing 
through the polarizing beam splitter 730B is finally trans- 
mitted to the display screen via the projecting lens 7S0. 

Referring to FIG. 8, it is a schematic block diagram 
mainly illustratiDg the DLP piojectDr device 800 employing 
&e light source device of the prefened onbodimeat of the 
present invention. The DLP projector device 800 has a 
Digital Micro-Mirror Device (DMD) 850, and employs ihe 



6. The li^ source device as claimed in claim 1, wherein 
die light source modules provide different Hght source 
combinations to adjust components of the light output by the 
light source device. 

7. The hght source device as claimed in claim 1, wherein 
the li^t source modules are light emitting diode (LED) light 
source modules. 

8. The light source device as claimed in claim 7, wherein 
tiie LED light source modules comprise an array of a 



light source device 810 of the present invention. The light lO pharality of ted (R), green (G) and blue (B) LEDs. 

source of the light source device 810 is, for example, a LED ^ -j^^ source device as claimed in clami 7, wheirin 

light source. the leD hght soutrce modules comprise an array of a 

The incoming light passes through the color wheel 820 plurality of single-color LEDs. 

having multiple different filtering regions at first. As such, j q j^g^^ ^^^^^ ^^-^^^ ^ claimed in claim 7, wherein 

the mcident light can contact the filtering regions in different 15 light source modules comprise an amiy of a 

positions through the rotation of the color wheel 820, so that plurality of white LEDs, 
the three primary colors (red, green and blue) can be 
separated. And then, after passii^ through the reflective lens 
830 and the polarizii^ plate 840 and being transmitted to the 



11. The light source device as claimed in claim 1, wherein 
the li^t source modules are Organic Light Emitting Diode 
light source modules, Laser Diode light source modules, 



DMD 850, the separated light are ti^smitted to the pro- 20 Electro-luminescence' Device light soun^e modules, Field 



jecting lens 860 and then to the display screen after going 
through a digital optical processing. 

The light source device and the projector disclosed by fbe 
present invention can be used to achieve the uniform light 
and mixed light effects, by several light sources passing 25 
through the multi-cbarmel optical light tube and the light 
source lens gjnups. Additionally, die area for heat sinku^ 
can be greatly expanded by applymg the light source dis- 
tribution technique to the heat sinking region of the light 
source device, and the effect of heat sinkmg can be further 30 
improved by applying the heat conduction mechanism to the 
housing, thus prolonging the service life of the light source 
device. 

The present invention has been disclosed above in flie 
preferred embodiments, but is not limited to those. It is 35 
known to persons skilled in the art that some modifications 
and innovations may be made without departing from the 
spirit and scope of flie present invention. Therefore, the 
scope of the present invention should be defined by the 
following claims. 40 
What is claimed is: 
1. A light source device, comprising: 
a pltu-ality of light source modules configured for output- 
ting light; and 



Emission Display light source modules or Cold Cathode 
Fluorescence Lamp light source modules. 

12. A projector, comprising a light source device, the light 
source device comprising: 

a plurality of light source modules configured for output- 
ting light; and 

a multi-channel optical light tube having a bc dy and a 
pliuality of hollow light channels surroundi^d by the 
body, each of the light channels havmg a liglit guiding 
portion and corresponding to one or mare of the light 
source modules, wherein the light source module trans- 
mits the output light to the corresponding Hgtit charmel, 
and the li^t guiding portion of each of the light 
channels is pro\ided with a curved reflectr/e sui&ce 
for combining the light input through the ligbl channels 
to the multi-channel optical light tube, tiius providing 
the output of the hght source device; and 

an image generating module for generating a correspond- 
ing image with the light produced by the hgjht sovirce 
device, based upon an image signal source. 

13. The projector as claimed in claim 12, wherein the light 
source modules are LED light source modules. 

14. The projector as claimed in claim 12, wherein the 



a multi-channel optical light guide tube having a plurality 45 projector is a liquid crystal display (LCD) projector device. 



of light channels and a plurality of holes communicat- 
ing with the chaimels respectively, each of the light 
channels having a light guiding portion and coore- 
spending to one of the H^t source modules, wherein 



15. The projector as claimed in claim 12, wherein the 
projector is a liquid crystal on silicon (LCDS) projector 
device having a single LCDS panel. 
. , ^ , 16. The projector as claimed in claim 12, vi'herein the 

the light source module transmits the output hght to the 50 ^^i^^ior is a Uquid ciystel on silicon (LCOS) projector 
corre^ondittg light channel via the corres^ionding hole, having three LCOS panels. 

17. The projector as claimed in claim 12, ivherein the 
projector is a digital light processing (DLP) pipjector 
device. 

18. A light source device, compridi^: 



and the light guiding portion of each of the light 
channels is provided wi^ a reflective sur&ce for com- 
bining the light input tiirough the light channels to tiie 
multi-channel optical Hght guide tube, thus providing 55 
the output of the li^t source device. 

2. The li^t source device as claimed in claim 1, further 
comprising a lens group for refi-acting or scattering the light 
output by the multi-channel optical light guide tube, 

3. The light source device as claimed in claim 1, wherein 60 
a total area of luminous flux of the light channels equals to 
an area of the luminous flux within the multi-channel optical 
light guide tube. 

4. The light source device as claimed in claim 1, wherein 
the surface of the light guiduig portion is a curved face. 65 

5. The light source device as claimed in claim 1, wherein 
the sux£ice of the light Riding portion is an arc face. 



a plurality of light source modules configured, for output- 
ting light; and 

a multi-channel optical light guide tubehavinjj a body and 
a plurality of channels surrounded by the body which 
defines a plurality holes communicating w:.th the chan- 
nels respectively, each of the light channels having a 
light guiding portion and corresponding to at least one 
of the light source modules, wherein the at least one 
light source module transmits the output hght to the 
oorre^onding light channel via the corresponding hole, 
and the light guiding portion of each of &e Ught 
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channelis provided with a curved reflective surface for 20. The light source device as claimed in cleim 18, 

combining the light input through the light channels to wheredn a total area of lumiruous flux of the li^t channels 

the multi-channe] optical light guide tube, thus provide equals to an area of the luminous flux within 1hc> multi- 

ing the output of the light source device. chancel optical light guide tube. 

19, The light source device as claimed in claim 18, fiuther s 
comprising a lens group for lefiracting or scattering the light 

output by the multi-channel optical lig}it guide tube. ***** 
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60. All requirements under 35 U.SIC. § 287 have been satisfied with respect to 
the '141 patent. | 

61. Samsung has been and is infringing the *141 patent by making, using, 

selling, offering for sale, and/or importing in pr into the United States, without authority, 

ii 

products that fall within the scope of one or more claims of the '141 patent, including but 

ji 

not limited to Samsung products bearing flat panel displays such as the Samsung display 
LN40A630M1F. I 

62. Samsung has been and is continuing to induce in&ingement of the M41 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '141 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products tiriat fall 
within the scope of one or more claims of the '141 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

63. Samsung had and continues t(| have actual knowledge of the '141 patent 

ii 

and their coverage of Samsung's infringing instrumentalities, but has noneiiieless 

•l 

engaged in the infringing conduct. Samsung's infringement of the '141 patent weis and 

i| 

continues to be willful. i 

i 

64. As a direct and proximate result of Samsung's acts of patent infringement, 

j 

ITRI has been and continues to be injured and has sustained and will continue to sustain 

i 

substantial damages. \ 

65. Unless Samsung is enjoined by this Court from continuing their 

infringement of the '141 patent, ITRI will suffer additional irreparable hann and 

ii 

impairment of the value of its patent rights, i 

ii 

I 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pa ge 12 
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lead frame, a phirality of light emitting chips in the lead 
frame, and a molding unit in an optical padi of the light 
emitting diips, wherein the molding unit comprises a peri- 
odic tmctostructare. 
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66. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses:' 

IX. INFRINGEMENT OF U.S. PATENT NO. 7,217,010 

67. On May 15, 2007, the USPTO issued U.S. Patent No. 7,217,010, entitled 
"Reflector with Negative Focal Lengtii" (hereinafter "the '010 patent"). A true and 
correct copy of the *0 10 patent is attached hereto as Exhibit G . 

68. ITRI is the owner of all right, title, and interest in and to the *010 patent by 
assignment, with full right to bring suit to lenforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 

and income. ! 

i 

69. The '010 patent is valid and enforceable. 

1 

70. All requirements under 35 U.S.C. § 287 have been satisfied with respect to 

the *0 10 patent. | 

I 

71. Samsung has been and is infnnging the ^010 patent by making, using, 

i 

selling, offering for sale, and/or importing in or into the United States, without autliority, 
products that fall within the scope of one or more claims of the '010 patent, including but 

not limited to Samsung products bearing flat panel displays such as the Samsung nc^tbook 

! 

NP-N310-KA04US and notebook X460-41S. ! 

72. Samsung has been and is continuing to induce infringement of the '010 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '010 patent 

under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 

] 

J 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pa ke 13 



Case 4:09-cv-04 1 1 0-HFB Document 1 0-3 Filed 1 1 /05/09 Page 28 of 38 
U.S. Patent Mar. 4, 20O8 sheet 10 of 16 US 7,339,197 B2 




Angle O 



FIG7A 



Case 4:09-cv-04110-HFB Document 10-3 Filed 1 1/05/09 Page 29 of 38 
U.S. Patent Mar. 4, 2OO8 sheet 11 of 16 US 7,339,197 B2 




Angle n 



FIG7B 



Case 4:09-cv-041 1 0-HFB Document 1 0-3 Filed 1 1/05/09 Page 30 of 38 
U^S. Patent Mar. 4, 20O8 sheet 12 of 16 US 7,339,197 B2 




Case 4:09-cv-04110-HFB Document 10-3 Filed 1 1/05/09 Page 31 of 38 
U.S. Patent Mar, 4, 20O8 sheet 13 of 16 US 7,339,197 B2 




FIG8B 



Case 4:09-cv-041 1 0-HFB Document 1 0-3 Filed 1 1 /05/09 Page 32 of 38 
U.S. Patent Mar. 4, 20O8 Sheet 14 of 16 US 7,339,197 B2 




Case 4:09-cv-041 10-HFB Document 10-3 Filed 1 1/05/09 Page 33 of 38 
U.S. Patent Mar. 4, 20O8 sheet 15 of 16 US 7,339,197 B2 




FIG9B 



Case4:09-cv-04110-HFB Document 10-3 Filed 11/05/09 Page 34 of 38 
U.S. Patent Man 4, 2OO8 sheet 16 of 16 US 7,339,197 B2 




Case 4:09-cv-04 1 1 0-HFB Document 10-3 Filed 1 1/05/09 Page 35 of 38 



US 7,339,197 B2 
1 2 

LIGHT EMITTING DIODE AND FIG. 3A is a cross-section illustrating a light eiMitting 

FABRICATION METHOD THEREOF diode of the embodimeats, 

FIG. 3B is a cross-section illustrating another ligtt emit- 
BACKGROUND ting diode of the embodiments; 

5 FIG. 4A'^F are top-views illustratii]g the moldia^ unit 
The iavendon relates to a light emitting diode (LED), and sur&oe microstnicture of I3ie U^t emittii^ diode of the 
more particularly to a LED with molding unit and fabrica- embodiments; 

tion method thereof, FIG. 5 is a schematic illustrating the half vertex angle of 

Multi-chip LEDs comprise a plurality of diffa-ent color the light emitting diode; 
light emitting chips. The most common white multi-chip lO FIG. 6A is a beam pattern illustrating the directionality of 
LED is a RGB LED. RGB LEDs comprise red (R), green g conv«itional light emitting diode; 
(G) and bhje (B) Ughl emitting chips for oblainii^ white piQ. 6B is a color distribution illustrating tiie chiwmatic 

uniformity of a conventional light emitting diode; 

FIG. 1 shows a bullet type RGB LED structure. Red light p|Q 7^ g ^^^^ pattern illustrating the diiwiiouality of 
emitting chip R, green light emitting chip G and bhie light IS another conventional light emitting diode; 
emitting B are disposed in the lead frame 10. The sidewaUs pj^ 73 ^ ^^^^^ distribution illustrating the chwmatic 
of lead frame 10 comprise a highly reJlec^ve layer with a ^aiformity of another conventional light emitting diode; 
curvature for condensing the li^t emitted from die light pjg ^ illustrating the directiot^ility of 

emittmg chips R, G and B. Tbis type of LED fiirther ^ j-^ of the first embodiment; 

comprises lei^ O^^olding unit 12 to improve direction- 20 p,^ gg ^ ^y^^ distribution illustrating the chromatic 
ahty tiiereof A RGB LED has a good color mixmg, the one ^^^^ 3 i^^, emitting diode of the first embodiment; 
would not see different color at different Y'ew^.a^^^. The ^ pattern illustrating the directionality at 

hght emitting chips R^G and B are positioned in different ^ ^ ^ g ^ 

positions in the lead frame 10, however the color-mixing j^^,^,,,^^^ ^f the second embodimS; 
effect of the bullet type LED is reduced. The lens type 25 . , ^7 "11 .1, i, 

molding unit 12 reduces the color-mixing effect. fj^" « distnbution illustrating chiomffltic 

FIG. 2 shows a surfece-mount device (SMD) RGB LED ^^^"^9 different half vertex an^e of a light t,mittmg 
structure. The SMD RGB LED has no lens type molding microstrucmre of the second embodiment; 

unit, so its directionality is worse tiian the bullet type RGB P^^. 10 is a color dtstribution illustrating the chromatic 
LED. Furthermore, tiie surface of the lead frame 20 of the 30 umformity of different light emitting chips ma gwen area of 
SMD RGB LED is uneven, tiius the color-mixing effect and » 'ight emitting diode of the third embodiment, 
color uniformity are improved. At the same time, the uneven 

surface reflects and even scatters light, both of which DETAILED DESCRIPTION 

decrease the SMD RGB LED directionality. In short, the 

SMD RGB LED improves color-mixing but reduces direc- 3S F^^S. 3A and 3B show multi-chip LEDs of the invention, 
tionality. The two LEDs comprise lead frame 10 (FIG. 3A) and lead 

Thus, the bullet type LED has good directionality, but bad frame 20 (FIG. 3B) respectively. The lead frame :L0 com- 
color-mixing; the SMD type LED has bad directionality, but pnses a smooth curved refrective surface to condense light, 
good color-mixing. Hence, tiiere is a need for a LED with Two or more light emitting chips are disposed in the lead 
good directionality and good color-mixing characteristics. 40 and lead frame 20. In one embodiment, there are 

three light emitting chips 40, 50 and 60 in the lead frame 10 
SUMMARY and lead frame 20 respectively. A main feature; of the 

mbodiment is the molding unit 70 with periodic micro- 

Accordingly, embodiments of the invention provide a structure 72. 
light emitting diode and fabrication method them>f. 45 Molding unit 70 is set in the optical path of the light 

A light emitting diode comprises a lead frame, a plurality emitting chips 40, 50 and 60 to condense light and m ix color, 
of light emitting chips disposed in the lead friame, and a The Molding unit 70 is transparent and the material thereof 
molding unit disposed in an optical path of the light emitting comprises epoxy or polymers. The polymers comprise poly- 
chips, wherein the molding unit comprises a periodic micro- methylmethacrylate (PMMA) or polycarbonate (iC). The 
stnicmre. 50 molding unit 70 may be formedby a molding method. In this 

A light emitting diode fabrication method comprises molding method, the melted epoxy or polymer mold is put 
providing a lead frame, providing a plurality of light emit- in the mold, and tiie mold has a periodic microstructure. 
ting chips in the lead frame, patterning a surface of a Aft« solidification, the periodic microstructure of -Jae mold 
molding unit to form a periodic microstructure, and setting is transferred to the epoxy or polymer molding unii: 70 with 
the molding unit disposed in an optical path of die light ss periodic microsuucture 72. Ilie periodic microstructure of 
^ttmg chips. die mold may be formed by etching, cuttmg tools, laser or 

electron beam. 

DESCRIPTION OF THE DRAWINGS The periodic microstructure 72 of the molding imit 70 is 

a key feature of the invention. The microstructure comprises 

The patent or application file contains at least one drawmg 60 conical protrusions (FIG. 4A) or pyramidal protrusions. The 
executed in color. Copies of this patent or patent application pyramidal protiiisions comprise symmetric pyramidal pro- 
publication with color drawing(s) will be provided by the trusions or asymmetric pyramidal protrusions. The symmet- 
oflSce upon request and payment of the oecessaiy fee. ric pyramidal protrusions comprise a base which, is sym- 

FIG. 1 is a cross-section illustrating a conventional light metric triangular pyramidal, square pyramidal, symmetric 
emitting diode; 65 pentangular pyramidal or symmetric hexangular pyramidal 

FIG. 2 is a cross-section illustrating another convottional (FIG. 4B). The asymmetric pyramidal protrusions comprise 
light emitting diode; a base which is asynunetric triangular pyramidal, asymmet- 
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ric rectangular pyramidal (FIG. 4C), asymmetric pentangu- If the chmmatic abexration is smaJler than O.OOS, it is 

lar pyramidal or asymmetric hexangular pyramidal. difficult for tiie human eye to detect the color cha:3.ge. In 

The periodic microstructure 72 of the molding unit 70 practice, the color change must be unobvious (chiomatic 

also comprises flat top conical protrusions or flat top pyra- aberration <0.008) in ±30* space angle of LED. 
midal protrusions. The flat top pyramidal protrusions com- 5 

prise flat top symmetric pyramidal protmsions or flat top First Comparative Embodiment 
asymmetric pyramidal protrusions. The flat top symmetric 

pyramidal protrusions comprise a base which is symmetric In this embodiment, the RGB LED structure is the same 

triangular pyramidal, square pyramidal (FIG. 4E), symmet- as FIG. 1. The curvature radius of lens type molding unit 12 

ric pentangular pyramidal or symmetnc hexangular pyrami- to is 2.5 mm. 

dal. The flat top asymmetric pyramidal protrusions comprise The chromatic light beam pattan distribution and chro- 

a base which is asymmetric triangular pyramidal, asymmet- matic uniformity of the RGB LED of this enaboduneot are 

ric rectangular pyramidal, asymmetric pentangular pyrami- shown in FIGS. 6 A and 6B. 
dal or asymmetric heixangiilar pyramid. 

Furthermore, the periodic microstructure 72 of flie mold- 15 Second Comparative Embodimenl 
ing unit 70 comprises round top conical protrusions (FIG. 

4F) or round top pyramidal protrusions. The round top ^ embodiment, the RGB LED Structure is Uie same 

pyramidal protrusions comprise round top symmetric pyra- as FIG. 2. 

midal protrusions or round top asymmetric pyramidal pro- Th^ chromatic light beam patten distribution and chio- 

trusions. The tound top symmetric pyramidal protrusions 20 uniformity of the RGB LED of this embodiment are 

comprise a base which is symmetric triangular pyramidal, shown in FIGS. 7A and 7B. 
square pyramidal, synunetric pentangular pyramidal or sym- 

metric hexangular pyramidal. The round top asymmetric Embodunent 
pyramidal protrusions comprise a base which is asymmetric 

triangular pyramidal, asymmetric rectai^lar pyramidal, 25 In this embodiment, the RGB LED structure is the same 

asymmetric pentangular pyramidal or asymmetric hexangu- ™- microstructure 72 is corneal protrusions with 

lar pyramidT 46° half vertex angle (FIG. 5). 

In one embodiment, the bottom si2e of a single micro- chromatic light beam pattern distribution aiid chro- 

structure is preferably smaller than the size of the light uniformity of the RGB LED of this embodiment are 

emitting chip for improvmg directionality and color-mixing. 30 shown in FIGS. 8A and 8B. 
The single microstructure bottom size is about 20 um~l nm, 

and preferably 20-200 um. The height of and single micro- Embodunent 
structure is about 20 um~l mm, and preferably 20-200 inn. 

In one embodiment, the space between the single micro- ^ embodiment, the RGB LED structures are ihe same 

Structures is preferably smaller than its bottom size to make 35 ^® microstmctures 72 of the RGB LSDs are 

sure that the emitted light passing through &e molding unit. conical protrusions wilb 1 5", 40", 60* and 80" half vertex 

The space of the single microstructure is about 20 tun~l nm, (FIG. 5). 

and preferably 20-200 um. Th^ chromatic light beam pattern distribution and chro- 

The following embodiments are white RGB LED. The 30 ^^^^ uniformity of the RGB LED of this embodiment are 
present invention is not only used as a RGB LED or a white 40 «^wn in FIGS. 9A and 9B. 
LED, but also as a white muUi-chip LED and other multi- 
chip LEDs. Third Embodiment 

The directionality and color-mixing are obtained fiom the 

following measurement and calculation. embodimem, the two RGB LED structures are the 

Chromatic Light Beam Pattern Intensity and Chromatic 45 same as FIG. 3A. The microstructure 72 of the two RGB 

Uniformity Calculation LEDs are conical protrusions with 46° half verltst ai^e 

First, the three-color light in different "space anglej ^- <listance between light emitting chi]3s of one 

Imninous intensity" of the RGB LED of the invention is ai^^her is 0.6 mm. 

measured to obtain the RGB LED beam pattern. The direc- Th® chromatic uniformity of the RGB LED of this 

tionality of RGB LED is determined by the FMWH of (he 50 embodiment is show in FIG. 10. 

beam pattern. The smaller the FMWH is, *e better direc- Experiment Data and Invention Eflect 

tionality of the RGB LED is. 1. Color-Mixing Improvement 

The RGB LED 1960 CIE UCS color coordinates in The RGB LED of the comparative embodime nt 1 is a 

respective space angle are obtained form the beam pattern bullet type LED, and has good directionality and bad color- 

and 20 mA spectra data of the red, green and blue light 55 mixing characteristics. After using the periodic microstruc- 

emitting chips. The chromatic aberrations of RGB LED in ture molding iinit (embodiment 1), good directioiiality and 

each space angles are calculated according to beam pattern, color-mixing characteristics can obtained at tiie sjime time: 

and ^ chromatic aberration definition as follows: Referring to FIGS. 6A and 8A, the FMWH of the com- 

- parative embodiment 1 and embodiment 1 RGB LEDs are 

&av-[{u-u^ H^v^ ^ ^^yj jn pjQs 5g ajjj chromatic abunation of 

wherein (u-u^) is the difference of the chromatic coordi- RGB LED of embodiment 1 is smaller than that of corn- 
nation at the RGB LED mechanical center, and (v-Vq) is the parative embodiment I . Furthermore, the diree cross-section 
difference of the chromatic coordination at each point of the space aberrations of RGB LED of embodiment 1 are more 
RGB LED. A smaller chromatic aberration shows a higher uniform. That shows the RGB LED of the embodinent 1 not 
cliromatic uniformity of the device. In the invention, three 65 only has better color-mixing but also with better space 
space cross-sections 0°, 45** and 90^ are analyzed to obtain symmetry. Thus, the molding unit can improve tbe bullet 
the LED chromatic light space symmetiy. type LED color-mixing characteristics. 
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2. Directionality Improvement 8. The light emitting diode as claimed in claim 1, wherein 
The RGB LED of the comparative embodiment 2 is SMD the conical protrusions comprises round top conical protm- 

LED, aad has bad directionality and good color-mixing sions. 

characteristics. After using the periodic microstnicture 9. The light emitting diode as claimed in clmm 1, wherein 

moldinguniKembodiment^^good^ectionali^^^ 5 pyramidal pmtrusions comprise louiid lop 

mmi» characteristics can be obtamed at the same time: ^ j i , . . 

Referring to FIG. 9B, the RGB LEDs of comparative ^y^^f ^^^"^^ protrusions or round top asymmetnc 

embodiment 2 and embodiment 2 all have gpod color- pyramidal protrusions. 

mixing characteristics. In FIG. 9A, the FMHW RGB LEDs light emitting diode as claimed in claim 9, 

of the embodiment 2 are narrower than that of the compara- \o wherein the round top symmetric pyramidal profusions 

tive embodiment 2. That shows the RGB LEDs of onbodi- comprise a base which is symmetric triangular pyxsimidal, 

moat 2 have better directionality. Thus, the molding unit can square pyramidal, symmetric pentangular pyramidal or sym- 

improve the SMD LED directionalily characteristics. metric hexangular pyramidal; the round top asynrinetric 

3. Half Vertex Angle Influence pyramidal protrusions comprise base which is asynonetric 
ReferriijtomGS.9Aand9B.diflfefetilvertex^^^ I5 ^^ngular pyramidal, asymmetric rectangular pynunidal, 

mflu^ce1hedirectionalityandcotor.mixmgc^ asymmetric pentangular pyramidal or asymmetric hexangu- 

and the influence can be predicted by optical simulation , . ,^ " n j 

calculation. lar pyramidal. 

4. Light Emitdng Chips distance Influaice ^l- Th^ ^ig^bi* emitting diode as claimed in claun 1, 
Referring to FIG. 10, different light emitting chip arrange- 20 wherein the microstnicture has a size of about 20 um -l mm. 

ments can influence the directionality and color-mixing 12. A light emitting diode fabrication method, compris- 

characteristics, and the influ^ace can be predicted optical ing= 

simulation calculation. providing a lead fitame; 

The foregoing description has been presented for pur- providing a plurality of light emitting chips in the lead 

poses of illustration and description. Obvious modifications 2s frame; 

or variations are possible in lij^t of the above teaching. The pattemii^ a sur&ce of a molding unit to form a periodic 

embodiments were chosen and described to provide the best microstructure; and 

illustration of the principles of this invention and its prac- setting the molding unit in an optical path of the light 

tical application to thereby enable those skilled in the art to emitting chips, 

utilize tiie invention in various embodiments and with 30 wherein the periodic microstnicture comprises conical 

various modiflcations as are suited to the particular use protrusions, asymmetric pyramidal protrusions or 

contemplated. All such modifications and variations are round top pyramidal protrusions, 

within the scope of the invention as determined by the 13. The light emitting diode febrication method as 

appended claims when interpreted in acc(Hdance witii the claimed in claim 12, wherein the light emitting diode is a 

breadth to which they are fairly, legally, and equitably 35 monochrome light emitting diode, a white light ijmittii^ 

entitled diode or a full color light emitting diode. 

What is claimed is; ^ ^S^^ emittii^ diode febrication method as 

1. A light emitting diode, comprising: claimed in claim 12, wherein the molding unit is tracijpatent. 
a lead iiame- 1^- ^'S^t enuttii^ diode fabrication method as 
a plurality of light emitting chips in the lead frame; and ^ claimed in claim 12, wheran the patterning step comprises 
a molding unit in an optical path of the li^t emitting ^ molding step. 

chips, wherein the molding unit comprises a periodic !«• The light emittii^ diode febrication method as 

microstructure, and the periodic microstructure oom« claimed in claim 15, wherein the molding step employs a 

prises conical protrusions, asymmetric pyramidal pro- 45 having a microstructure thereon, 

trusions or round top pyramidal protrusions. 17- The light emitting diode fabrication me:thod as 

2. The light emitting diode as claimed in claim 1 is a claimed in claim 12, wherein the asymmetric pyramidal 
monochrome light emitting diode, a white light emitting ptotrusions comprise a base which is asymmetric tiangular 
diode or a full color light emitting diode. pyramidal, asymmetric rectangular pyramidal, asymmetric 

3. The Ught emitting diode as claimed m claim 1, wherein 50 pentangular pyramidal or asymmetric hexangular pyrami- 
Ihe molding unit is transparent. 

4. The light emitting diode as clmmed in claim 1, wherein I*- The light emitting diode fabrication method as 
the asymmetric pyramidal piolrusions conqjrise a base claimed in claim 12, wherein the conical protrusion com- 
which is asymmetric triangular pyramidal, asymmetric rect- prises flat top conical protrusions. 

angular pyramidal, asymmetric pentangular pyramidal or 55 19. The light emitting diode fabrication method as 

asymmetric hexangular pyramidal. claimed in claim 18, wherein the asymmetric pyramidal 

5. The light emitting diode as claimed in claim 1, wherein protrusions comprise flat top asymmetric pyramidal protru- 
Ihe conical protrusions comprises flat top conical protru- sions. 

sions. 20. The light emitting diode fabrication method as 

6. The light emitting diode as claimed in claim 1, wherein eo claimed in claim 19, wherein the flat top asymmetric pyra- 
the asymmetric pyramidal protrusions conqfrise flat top midal protrusions comprise a base which is asymmetric 
asymmetric pyramidal protrusions. triangular pyramidal, asymmetric rectangular pyramidal, 

7. The light emitting diode as claimed in claim 6, wherein asymmetric pentangular pyramidal or asymmetric hexangu- 
the flat top asymmetric pyramidal protrusion comprise a lar pyramidal. 

base which is asymmetric triangular pyramidal, asymmetric 65 21. The light emitting diode fabrication method as 

rectangular pyramidal asymmetric pentangular pyramidal or claimed in claim 12, wh^^ the rontcal protiusncms com- 

asymmetric hexangular pyramidal. prises round top conical protrusioas. 
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sale, and/or importing in or into the United States, without authority, products tliat fall 
within the scope of one or more claim's of the *010 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

73. Samsung had and continues td have actual knowledge of the '010 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsungjs infringement of the '010 patent was and 
continues to be willful. „ 

74. As a direct and proximate result of Samsung's acts of patent infringement, 

ITRI has been and continues to be injured and has sustained and will continue to sustain 

,| 

substantial damages. ! 

li 

75. Unless Samsung is enjoined by this Court from continuing their 

infringement of the '010 patent, ITRI will suffer additional irreparable harm and 

ij 

impairment of the value of its patent rights. \ 

76. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstance^ of this dispute create an exceptional case 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 

li 
ii 

necessary attorneys' fees, costs, and expenses. | 

X. INFRINGEMENT OF U.S. PATENT NO. 7^50,719 

77. On July 31, 2007, the USPTO issued U.S. Patent No. 7,250,719, entitled 
"Organic Light Emitting Diode with Brightness Enhancer" (hereinafter "the '719 
patent). A true and correct copy of the '719 patent is attached hereto as Exhibit H. 

78. ITRI is the owner of all right, title, and interest in and to the *719 patent by 

'i 

assignment, with full right to bring suit to enforce the patent, including the right to 

i 

i 

i 
11 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pace 14 
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22. The light emitting diode fabrication method as 
claimed in claim 12, wherein the round top pyramidal 
piotrusioQs comprise round top asymmetric pyramidal pro- 
trusions or round top asymmetric pyramidal protrusions. 

23. The light emitting diode febrication method as $ 
claimed in claim 22, wherein Ihe round top symmetric 
pyramidal protrusion comprise a base which is synamrtric 
triangular pyranaldal, square pyramidal, symmetric paitan- 
gular pyramidal or synametric hexangular pyramidal; the 
round top asymmetric pyramidal protrusions comprise a ic 
base which is asymmetric triangular pyramidal, asymmetric 



8 



rectangular pyramidal, asymmetric p«itangular pyratnidal 
or asymmetric hexangular pyramidal. 

24. The light emitting diode fabrication method as 
claimed in claim 12, wherein the microstructure size is 
smaller tiian the light emitting chips size. 

25. The light emitting diode fabrication meth(5d as 
claimed in claim 12, wherein the microstnicture has a size 
of about 20 um-1 nun. 
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(57) ABSTRACT 



A tramflective electrophoretic display device is disclosed. 
The device is comprised of a transparent top substrate and 
both top and bottom substrates have an electrode structure. 
A plurality of separated walls and an electrophoreti; display 
soludon including a plurality of chromatic particks and a 
transparent liquid are imposed between the two substrates. A 
device with a display liquid or a filter plate is used to 
geoetate a variety of lights such as monochiomBt:.c, color- 
level or true color having a mixture of red, green and blue. 
The device of the present invention integrates the merits of 
the reflective and transmitted displayer, and can be used 
outdoors, indoors or in datloiess. Otiierwise, a back light 
module can condensate for the contrast of the displayer 
effectively. 
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recover for past infringement damages and the right to recover future royalties, damages, 
and income. ! 

79. The '719 patent is valid and enforceable. 

80. All requirements under 35 U.S:C. § 287 have been satisfied with respect to 

the * 71 9 patent. ' 

i 

81. Samsung has been and is infringing the '719 patent by making, using, 
selling, offering for sale, and/or importing in or into the United States, without autlbority, 
products that fall within the scope of one or niore claims of the '719 patent, including but 
not limited to Samsung products bearing flat panel displays such as the Samsung camera 

!l 

TL320. i 

82. Samsung has been and is continuing to induce infringement of the '719 

j 

patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '719 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claim^ of the '719 patent. The infriinging 

instrumentalities have no substantial non-infringing uses. 

i 

83. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 
substantial damages. ;; 

84. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '719 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. . 

i] 

'I 
li 

( 

Plaintiff's First amended Complaint for Patent Infringement and Jury Demand - Page 15 
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TRANSFLECTIVE ELECTROPHOREITC mode and a dual switching mode. As shown in FIO. lA, the 

DISPLAY DEVICE top substrate 101 can be a conducting glass such as Indium 

Tin Oxide (ITO), and the bottom substrate 102 includes 

BACKGROUND OF THE IKVENTION in-plane electrodes llOa and 1106 divided by the piirtition- 

s ing slabs 112 and the bottom electmde 111. 

1. Field of the Invention Furthemiore, U.S. Pat. No. 6,639,580 (Electrojphoretic 
A transflective electiophoietic display device is disclosed, Display Device and Method for Addressing Display Device) 

and more particularly, a device employing a plurality of discloses the technology of an in~plane electric: field, 

color particles affected by an electric field is introduced to Wherein the in-plane electrode generates an in-plane electric 

display monochrome or color images. lO field to change the status of the charged particle; in the 

2. Description of Related Art display solvent and generate various display efiFectiJ. 

A electrophoretic display device, which comprises a phi- piG, IB shows a display device of the prior art famed by 

ralily of chaiged particles controlled by a provided electric a plurality of display cells 103 including a plmality of 

field, displays by changing reflectivity in a display re^on nucrocups arranged in a rectangular array. The display cell 

therein relative to a surrounding light. The display device is i03 of one of the embodiments includes primary colore such 

has the following features: (1) it's flexible; (2) it incorpo- as red, green and blue for displaying color, nsmely, a 

rates the surrounding light to improve visibility; (3) it can be three-mouochroniatic di^lay cell foims a chromatic display 

manufactured by roU-to-roll process, so it has a high yield cell. 

and reduces the yielding cost; (4) since there is no limit to chromatic display ceU 20 shown in FIG. 2A includes 

the viewing angle, the device can be seen from any point of 20 ^hree separated primary color sub-display cells. A plurality 

view; (5) it's not sensitive to the distance variation between ^^^^ charged pigment particles 24 in the colorless 

two panels; (6) the electrophorrtic display device has bista- display solvent 25 scatters the light emitted from the back- 

bility, which is one of the most unportant characteristic of a jjgj^ module. Another embodiment shows the filtering plates 

flexible display device. 21, 22 and 23 with red, green and bhie disposed in these 

The surface of particles can be charged by being ionized 25 sub-^play cells 

orabsoibingotherchatged particles. When chaiged particles ^ ^j^^^ g^j^ ^-^ ^ ^^^^^ ^^^^ generefe^i by the 

of an dectrophoretic display device are activated by an electrodes disposed in the bottom substrate is used to guide 

exx&raal electnc field, they will move to the opposite direc- ^^^^^^^ ^^^^ j ^^^^^ 24, and further 

tion relative to the electrode with opposite cl^es. A i^g^its in the scattering effect mentioned above. The primary 

plurality of factors such as particle type, particle diameter 30 ^^^^^ gj^^^ j^^^^ 21, 22 and 23 are used to display a 

particle concentration, and the intensity, distnbution and variety of color effects. In yet another embodiment, a further 

direction of the external electric field, and the type of the displaying result occurs if the white pigment particles 24 are 

display solvent of the particles mentioned above will c^se ^^an light-absorbed black pigment particte;. 

different movmg speeds of the particles and achieve differ- ° . . . , • *-.u 

ent dispUnuiK wrnoses 35 shows a chromatic display device of the: pnorart. 

U5 pTno. 6,m844 discloses a pliable electrx^phoi^tic '^^ display cell 20 includes three sub-chsplay cells, with red. 

display device having a deformation-resistant memory char- and blue colors. The colorless and transparecit d^play 

acteristic provided by covering a plurality of partitionmg ^^Y^^* ^5 includes color pigmmt parttcles 26, 2 and 28, 

walls defining display sectiotTconLiing a dispersion liq r?»*=V/? ^'^f ^Tf 'yl ' ^^^^T^' ^"^Z 

md with eletSophoietic particles disper.^ theiSi with ali 40 f ,f ^ ^^^"^ ^J^^'? ^f"^^^^ 28 respectively. Tlie electric 

expandable ceiling sheet. U.S. Pat. No. 6,751,007 and No. field is changed by the dectrode m the bottom substo^^^^^ 

6.750,844 fiirther disclose that the partitioning walls with "^V ' ^^l^^""' ^^^V^ i \ 

high strength are disposed betw^n the display cells. and 28 m^edispl^ solvent 25 are then activated to display 

Wherein, the shape, size and the aspect ratio of the parti- vanous e 

tioning waUs cause the embodiment of the display device. 45 reflective-type electrophoretic displayer of the pnor 
The plurality of pigment particles are dispersed in the ^ doesn't function when the surrounding light weak or 
solvent, and microcup technology is introduced in these nonexistent. Moreover, the transmissive-type electro- 
prior arts. The mentioned display device with microcup phoretic displayer is not adqjtable to portable dff/ioes since 
structure can ignore the boundary sealing of each display consumes a lot of power. 

cell, and accomplishes a flexible feamre. so Some drawbacks are associated with die technology hav- 
U.S. Pat. No. 6,751,007 provides a transflective electro- ing partitioning walls in the prior art provided by the SiPix 
phoretic display of SiPix Imaging. Inc. Refwence is made to hnaging. Lie Since the partitioning walls 109 are used as the 
FIG. lA,whic]t shows cmeofa plurality of display cells 103 medium for the backlight, this allows the electrophoretic 
divided by the partitioiung walls 109, and forms a display displayer to operate in the dark, but the partitioning walls 
device. The cell 103 includes a top substrate 101, a bottom 5S naay possibly cause light leakage. Moreover, thi; backlight 
substrate 102 with electrodes, suxrounding partitioning doesn't go through tiieiUsplay solvent directly, sd it doesn't 
walls, and a plurality of pigment particles 104 in the display provide a quality of high display. Meanwhile, 1he electro- 
solvent 105 filled in a space isolated by the plurality of phoretic displayer includes both the lefiective-tj^pe and the 
partitioning walls 109, and the display cell 103 is sealed by transmissive-type, so it has complicated design and is dif- 
a sealing layer 106, and finally a backlight module 107 is dO ficult to fabricate. 

disposed to compensate for the displaying of tiie electro- In view of the aforemfintio&ed drawbacks of tiie prior art, 

phoretic display device. the present invention provides a transflective electrophoretic 

An electric field is generated by the electrodes m the top display device, which facilitates illumination effects since 

or bottom substrate as shown in FIG. lA, and an electric both the surrounding light and the backlight can go through 

field is used to affect the behavior of the pigment particles 65 the display solvent completdy. Meanwhile, the backlight 

104 in the display solvent 105. The types of the electric field module can be adjusted based on the conditiom of suirouod- 

mclude an iq)/down switehing mode, an in-plane switching ing lig^, and effectively eohances the contrast o:f the displ^ 
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and reduces power consumption. Furthermore, the present FIG, lA is a schematic diagram of a display C€:ll of a 

invention has a simplified design and higher manufacturing transBective electrophoretic display of the prior art; 

yield. FIG. IB is a schematic diagram of a transflective elec- 

trophoretic display of the prior ait; 
SUMMARY OF THE INVENTION s FIG. 2A is a schematic diagram of the color display 

device of the prior art; 

A transiJective electrophoretic display device is provided ^^G- is a sch^natic diagram of the color display 

for illuminating with or without surrounding light. A light device of the prior art; 

emitted from a backlight module can be adjusted according FIG. 3 is a schematic diagram of a transflective (jlectro- 

to the condition of the surrounding light so as to reduce phoretic display device of the present invention; 

power consumption and enhance the quality of the display. FIO. 4A is a lateral view of the first embodimen" of the 

The transflective electrophoretic display device is com- present invention in a WHITE-state; 

posed of a plurality of display cells, the display device F^^, 4B is an overlooking viewing view of the first 

comprises a top substrate, which is a transparent substrate embotoent of the present invention in a WHITE-state; 

having a plurality of anisotropic reflective plates; a bottom ^IG. 5A is a lateral view of the first embodiment of the 

substrate having a plurality of light plates and a plurality of present invention in a BLACK-state; 

electrodes so as to g«ierate an electric field, and the bottom FIG. SB is an overlooking view of the first embodiment 

substrate is installed opposite to the top substrate; a plurality of die present invention in a BLACK-state; 

of partitioning walls, which are transparent materials are FIG. <!A is a lateral view of die second onbodimeiLt of tbe 

disposed between ihe top substrate and the bottom substrate present invention in a WHITE-state; 

so as to isolate the plurality of display cells; a display FIG. 6B is a lateral view of the second embodiment of the 

solution, which is composed of a plurality of pigment present invention in a BLACK-state; 

particles and transparent liquid to fill a space isolated by the FIG. 7A is a lateral view of the third embodimeul of the 

top substrate, the bonom substrate and the partitioning walls. present invention m a WHITE-state; 

Wherein, the electric field in the display cell is changed to FIG. 7B is a lateral view of tile tiiird embodunent of the 

guide the behavior of flie plurality of charged pigment present invention in a BLACK-state; 

particles in the display solution, a light emits to the aniso- FIG. 7C is a lateral view of the third embodiment of the 

tropic reflective plates of the top substrate through the present invention in a RED-state; 

partitioning walls, and tiie plates reflect the light to the FIG. 8A is a lateral view ofihe fourth embodiment of the 
display solution so as to radiate monochromatic or gray- ^° present invention in a WHITE-state; 

scale effects. FIG. 8B is a lateral view of the fourth embodimeiit of the 

The transflective electrophoretic display device is com- present invention in a GREEN-state; 

posed of a plurality of display cells, and each display cell is FIG. 9A is a lateral view of the fiffli embodiment of the 

fiirther composed of a plurality of sub-display cells having present invention in a WHITE-state; 

red, green and blue colors. The display device comprises a FIG. 9B is a lateral view of the fiffli embodiment of the 

top substrate, which is a transparent substrate having a present invention in a BLACK-state; 

plurality of anisotropic reflective plates; a bottom substrate piG. lOA is a lateral view of the sixth embodiment of Ihe 

having a plurality of light plates and a plurality of electrodes present invention in a WHITE-state; 

so as to generate an electric field, and the bottom substrate piG. lOB is a lateral view of the sixth embodiment of the 

is installed opposite to the top substrate; a plurality of present invention in a GREEN-state; 

partitioning waJJs, which are transparent materials and dis- piG. IIA is a lateral view of the seventh embodment of 

posed between the top substeate and the bottom substrate so ^ present invention in a WHITE-state; 

as to isolate tiie plurality of sub^splay cells; a red display ^ ,^^^^31 view of the seventh embodiment of 

s(Jution,agreendispI^ solution and a blue display solution ^ -^^^^^^^ ^ RED-state; 

which are composed of a plm^hty of pigment particles and uAisalateral view of file eighth embodiment of the 

transparent hqmds so as to fill a space isolated by the op transflective electrophoretic display device of the present 

substrate, flie bottom substrate and the partitionmg walls. inveation: 

Wherein, the electric field in tiie dijiay cell is changed to ^ overlooking view of the eighth embodi- 

guide the beha^or of Plj^hty of chai^^ pigm« ^^^^ ^^^^ transflective ele<Lphoretic display device of 

emits to the amsotropic reflective plates ofthe top substrate . i i- ^.i. j- 

through tiie partitioW walk, and the reflective plates ''T °£ "^Z eightii embodi- 

refteJthe light to the red, green and blue display sohitoso electrophoretic d«play device of 

as to radiate color effect; tiie present mveimon. 

Furthermore, the transflective electrophoretic display DETAILED DESCBOPTION OF PREFERRED 

device of another embodiment is composed of a plurality of EMBODIMENTS 
display cells, and the display cell is fiirther composed of a 

plurality ofsub-display cells having a red filter, a green filter aiio^ examiner to understand tiie teclmology, 

and a bhie filter with a transparem material installed on the ^^d functions adopted in the present inver tion iur- 

top substrate or the bottom substrate. ^^er, reference is made to tiie following detailed desicription 

and attached drawings. The examiner shall readily under- 

BRIEF DESCRIPTION OF THE DRAWINGS gtacd the invention deeply and concretely fiom the purpose, 

characteristics and specification of the present ijivention. 
The present invention will be readily understood by the 65 Nevertheless, the present invention is not limiteii to the 

following detailed description in coi^unction with the attached drawings and embodiments in following descrip- 

accompanying drawings, in which: tion. 
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A transflective electrophoretic display device of die anisotropic reflective pJates occupy 1% to 99% of the total 

present invention is introduced to integrate the advantages of area of the display device, but 7% to 60% is preferred to 

the conventional reflective and transmissive electrophoretic produce better displaying effects. The open area of the: space 

displayer The display device includes a transparent top of the display cell is 10^ to 10* jun^, but the preferrsd area 

substrate, and a top/bottom substrate having in-plane elec- 5 is 10* to 10^ jun^. The distance between the top substrate and 

trades. A pliirality of partitioning walisattd a display solu- the bottom substrate is 5 to 200 nm, but the piefeired 

tion having a plurality of pigment particles and a transparent distance is 10 to 100 |jin. 

hquid are disposed between the two substrates so as to The first embodiment in white-state is shown in KiG. 4A. 

generate monochromatic, or color-scale, or color effects. The dash line shows the light path of the backli^t-smitted 

The display device ofthe present invention facilitates bright- lO through the gap 407 from a backlight module below the 

ness since both the surrounding light and the backlight can bottom substrate 402 to the anisotropic reflective plates 403 

go through the mentioned display solution completely. of the top substrate 401 via the partitioning walls 4i35. The 

Moreover, the brightness of the backlight can be adjusted backlight is reflected by the anisotropic reflective plates 403 

based on the condition of the sunounding light, and effec- to the display solution 408 of the cell, and the display cell 

tively enhance the contrast of the display and reduce the IS displays a white state since the charged white particles 406 

power consumption- reflects or scatters the light out. The light source can also be 

FIG. 3 is a schematic diagram of a transflective electi?o- surrounding light emitting to the display cell 300 thrciugh the 

phoretic display device composed of a plurality of display top substrate 401, and reflected or scattered by the white 

cells 300, which fiann a rectangular array, and other embodi- particles 406 so as to display a white state. In jmother 

ments such as a hexagon, a circular form, a rhombus or the 20 embodiment, the color of pigment particles can be changed 

like, but not limited to these. The display device of the to another color or become transparait so as to racliate the 

present invention can be implemented as a flexible device various colors of the display device, 

because of the microcup structure therein. The display cell FIG. 4B shows an overlooking view of the display device 

300 is isolated by the top substrate, the bottom substrate and in a white state. Each display cell 300 thereof is isolated by 

the plurality ofpartitioning walls; a space therebetween can 25 the partitioning walls 405 between the top and bottom 

be filled with a transparent liquid having a plurality of substiates. The white particles 406 witfi reflective features 

pigment particles 301 . Wherein, the pigment particles 301 are dispersed on ttie bottom substrate 402, the white articles 

can be white, black, chromatic, or other transparent chro- 406 reflect the inddental light out to form white light 

matic particles. An electric field generated in virtue of the FIG. 5A is a lateral view ofthe first embodiment ofthe 

electrodes in the substrates can be changed to change the 30 present invention in the black state. The backlight emits 

dispersed behavior of tiie charged particles so as to change through the gap 407 of the absorbing plate 404 to the top 

the displaying effect. substrate 401 via the transparent partitioning walls 405. The 

FIG. 4A and FIG. 4B show the first embodiment of the anisotropic reflective plates 403 reflect the light to the 

present invention in a white state. The display cell 300 display solution 408 of the display cell 300. Tlie white 

includes a top substrate 401 with a transparent material, a 35 particles 406 are dispersed leaning against the partitioning 

bottom substrate 402 having an electrode structure installed walls 405 due to the effect of the electric field. Siince the 

on the other side of the top substrate 401, and a space bottom of the display cell 300 is tiie black absorbing plate 

isolated by the partitioning walls 405. A plurality of aniso- 404, the reflected li^t is absorbed by the plate 404 so as to 

tropic reflective plates 403 are installed along tiie top radiate in a black state. Similarly, tiie surrounding light 

substrate 401 relative to the positions of the partitioning 40 enters the display solution 408 directly and becomes 

walls 405. The electrodes with in-plane switching mode are absorbed by the black absorbing plate 404 so as to ladiate in 

disposed m flie bottom substi:ate 402 or even tiie top sub- a black state. If the anisotropic reflective plates 403 are 

strate 401 so as to generate an in-plane electric field. A black chromatic plates in this embodiment, the display device 300 

absorbing plate 404 ofthe preferred embodiment is installed can display various effects, 

ak)ng the bottom substrate 402 excluding tiie area where the 45 Reference is made to FIG. SB, which shows an overlook- 
partitioning walls 405 contact the bottom substrate. The ing view ofthe first embodiment in a black state. ITie white 
aforementioned partitioning walls 405 are transparent, and a particles 406 are dispersed leaning against the partitioning 
light source (not shown in this diagram) is set below tiie walls 405 due to the action of (he electric £eld. The 
display cell 300. A backlight fi»m tiie light source is emitted absorbing plate 404 of the bottom substrate 402 absorbs the 
to the anisotropic reflective plates 403 of tiie top substrate so incidental light so as to radiate in a black state. 
401 from a gap 407 of the absorbing plate and ttirough the The structure of the display cell of the second embodi- 
partitioning walls 405. The incidental ligjit is reflected to the ment shown in FIG. 6A is similar to the structure in FIG. 4A. 
space ofthe cell, but not the (Niginal direction from the liglit Wherein a space of the display cell is isolated by the 
source due to the anisotropic reflective plates 403. Addi- partitioning walls 405 between the top substrate 401 and the 
tionally, the surrounding li^t also enters the display solu- 55 bottom substi^te 402. The space is filled witii a display 
tion 408 and fills tiie space identical to the backlig^ so as to solution 608 having a plurality of black particles S06 and a 
enhance the displaying effect efficiently. transparent liquid. The plurality of anisotropic reflective 

The mentioned electrophoretic display solution 408 plates 403 is disposed along tiie top substrate 401 excluding 
includes the charged white particle 406 and the transparent tiie area where the partitioning walls 405 contact die top 
liquid of the preferred embodiment. The features of the 60 substrate 401. The electrodes can be installed on tiie top or 
display solution, such as its color and transparency, are used bottom substrate, and thereby the electric field is generated 
to generate various displaying modes, or even collocate tiie accordingly. The absorbing or reflective plates, such as the 
features, such as color, transparency and reflectivity, of the reflective plate 604 shown in the diagram, are disposed 

bottom substrate. along the bottom substrate 402 excluding the area where tiie 

Nevertiieless, the area ofthe anisotropic reflective plates 65 partitionmg walls 405 contact the bottom substmte 402. A 
of the top substiiato is laig^ or equal to the area occupied by light source set below the display cell anits tiorough tiie gap 
tiie partitioning walls. In dus embodiment, die area of the 407 of the reflective plate 604 and goes tiirougb fhe parti- 
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tioning walls 405. The anisotropic reflective plates 403 of An absorbing or reflecting plate, such as the black absorb- 

the top substrate 401 reflect the light to the display solution ing plate of this embodiment, is installed along the bottom 

608 so as to radiate in a white state since tiw reflective plate substrate 702 excluding tile area where the partitiomn|r walls 

604 leflects the incidental light. 76 contact the bottom substrate 702. The partitioning; walls 

The charged black particles 606 are dispesrsed leaning 5 7(j thereof are transparent, and the light source is disposed 

against the partitioning walls 405 according to the action of below the color display cell 70. The light shown as the dash 

the electrodes in the top substrate 401 or the bottom sub- line in the diagram emits Irom the light source through the 

strate 402. The incidental light is reflected or scattered by the gap of the absorbing plate 712, and enters the partiiioning 

reflective plate 604 of the bottom substrate 402 so as to avails 76, then hits the anisotropic inflective plate 711 of the 
radiate in a white state. The color of the reflective plate 604 lo ^^^p substrate 701. The light is finally reflected by the 

of another embodimiCiit can be dianged to display various anisotropic reflective plate 711 and enters the space of the 

effects. color display cell 70, The aforementioned light can com- 

FIG. 6B shows the second embodiment of the present pletely pass through the display solutions 71, 73 and 75, and 

invention in a black state. ITie black particles 606 thereof are ^jje sunounding light can also enter the display cell 70 so as 

dispersed to the top substrate 401 accon^g to the action of ^ radiate light efficiently. 

ttieelectricfield^atedbyflieelectro^^^^ color display cell 70 includes a trar.paient 

bottomsubstrnte-Afterthat theblackparticles606^b^^^^^ ^ ^ ^ ^ ^ 

lightreflectedorscatteredby he^flec^i^^^^^^^^ '^"^n 73 and a blue '4lay solution 75.'Serm, the 

bottom substrate 402. They also block the mcidental sur- «"«"^'" ' ^ ■ \ ^' \^ it tv,*. 

rounding light so as to radSte in a black state. Wherein, the liquid conteins charged pigment particles 72 mcluchnglje 

display cell 300 shows different colors suice the black white particles that can reflect or scatter hght bmadly. The 

particles 606 can be changed to other color particles. light reflected by the amsotropic reflective plate 711 can 

The stractuie of the mentioned display cell includes the radiate different color effects through the color display 

top substrate 401 having electrodes therein and the aniso- solution. 

tropic reflective plates 403 are disposed along the area where FIG. 7A shows ttie third embodiment in the white state of 

the partitioning walls 405 contact the top substrate 401. The the present invention. Wherein, the dash line presents the 

display cell flirther includes tiie bottom substrate 402 having path of light, which emits from the backlight module below 

lateral electrodes and tiie reflective plate 403 therein. The the bottom substrate 702 through the gap of tiie alisorbing 

display ceU composed of the top substrate 401 and the plate 712 thereof. After that, the Hght enters the partitioning 

bottom substrate 402 is a micro-structure, and the display walls 76, and is reflected by the anisotropic reflective plates 

solution 408 that fills the isolated space inside contains the 711 disposed on the top substrate 701. Then tiie reflected 

plurality of black particles 606 and the transparent liquid. light goes into the spaces filled with tiie red, green Jtnd blue 

The electric field generated by tfie electrodes in the display solutions 71, 73 and 75 respectively. In the mean- 
bottom substrate 402 can be an in-plane switching mode. 3, time, since tiie charged pigment particles 72 in tiiu display 
The electric field generated by the electrodes disposed in solutions 71, 73 and 75 controlled by tiie electric field are 
both tiie top substrate 401 and tiie bottom substrate 402 can dispersed on the bottom substrate 702, the incidental li^ 
be an up/down switching mode, an in-plane switching mode, reflected by tiie anisotropic reflective plates 711 is rreflected 
or a dual switching mode. A backlight module is further or scattered by the white particles 72. Afterwards, the light 
disposed below tiie bottom substrate 402. ^ reflected or scattered from each color solution raoiates and 

Tlie present invention also provides a display cell for « mixed into an even white li^t of tiiis embodiment^ 

displ^^ing^lor effects. The Isplay cell tiiJrein at least ^'^^^'^^^f'^^f^^'^^S^^^ 

includes tiiree s^b-display cells witii tiie tiiree primary *!,^«P»^yso^tions 71. 73 and 75 ^^^^^ 

Colors, and each cell is Composed of a transparent top a« reflected or scattered so as to become an efficient display 

substrate, tiie top/bottom substrate having in-plane elec- 45 ^ 

trodes tiie plurality of partitionmg walls therebetween and FIG. 7B is a lateral view of tiie tiiird embodmient of the 

tile display solution having tiie plurality of chaiged pigment present invention in a black state. The cobr display cell 70 

particles and flie transparent liquid witii tiuec diffensnt includes at least tiiree primary color sub-display Kells. The 

colors or fluee color filters. Bofli tiie surrounding light and light emits tiirough tiie gap of tiie absorbing plate 712 of the 

tile backlight can go tiirough tiie display solution completely 50 bottom substrate 702, and enters the transparent partitiomjg 

so as to enhance ttie displaying effect The backlight can be walls 76, Then tiie light hits die top substrate 701, and tiie 

adjusted so that it appears to be brighter or darker based on anisotropic reflective plates 711 thereof reflect tiie mcidental 

tile condition of tiie surrounding light. Thaeby, tiie present light to the spaces filled witii tiie display solutions 71, 73 and 

invention can efficienfly reduce power consumption and 75 respectively. In tiiis embodimeat, since the white par- 

enhance tite contrast and tint. 55 tides 72 are dispersed leaning against tiie partiticmng walls 

FIGS. 7A, 7B and 7C aie tiie lateral view of tiie tiiird 76, tiie bottom 0^^,^*=^ J^^^^^^^^^f^^^ 

embXienToftiiepresentinvention.Thecolora^^^^^ 3Pf ^ f wl'l^S^^i^^^^^ 

70includestiietopsubstrate701witiiatransparentmaterial, black state of tiie color display cell 70 

die bottom substrate 702 witii electrodes disposed along tiie FIG. 7C shows the red state of tiie tiurd embodiment. lUe 

bottom substrate 702 opposite to tiie top substrate 701, a eo pigmentparticles72intiiegr€endisplay solution 73 and the 

micro-stnicture space isolated by tiie partitioning walls 76. blue display solution 75 are dii^ased leamng again« tte 

The color display cell 70 displays color effects using tiie partitioning walls 76 due to the action of tiie elretric field, 

sub-display cells having the three primary colors, red, green tiien the bottom substrate 702 allows tiie black absorbing 

and blue. CHherwise, tiie electrodes disposed in the top plate 712 to be seen yet doesn't reflect or scatter any 

substiate 701 and tiie bottom substrate 702 can generate an 65 chromatic light. However, tiie pigment particles 'Jl m tiie red 

up/down switching mode, an in-plane switching modeortiie display sohition 71 are dispersed on ttie botloca substrate 

a dual switching mode. 702 so as to reflect tiie incidental light refle.:ted by tiie 
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85. ITRI has incurred and will inc^r attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C, § 285, and ITRI is entitled to recover its reasonat)le and 
necessary attorneys' fees, costs, and expenses. 

XI. INFRINGEMENT OF l^.S. PATENT NO. 7,270,457 

86. On September 18, 2007, the lUSPTO issued U.S. Patent No. 7,270,457, 
entitled "Light Source Device and Projectcjr Using the Same" (hereinafter *the '457 
patent"). A true and correct copy of the '457!patent is attached hereto as Exhibit I. 

87. ITRI is the owner of all right, title, and interest in and to the '457 patent by 

I 

assignment, with full right to bring suit toj enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. ] 

88. The *457 patent is valid and enforceable. 

89. All requirements under 35 U.S.C. § 287 have been satisfied with respect to 

li 
ii 

the '457 patent. i| 

i 

90. Samsung has been and is infringing the *457 patent by making, usmg, 



selling, offering for sale, and/or importing in; or into the United States, without authority, 
products that fall within the scope of one or more claims of the '457 patent, including but 
not limited to Samsung video projectors. 

91. Samsung has been and is continuing to induce infringement of tiie *457 
patent under 35 U.S.C, § 271(b) and contributes to the infringement of the '457 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United! States, without authority, products lihat fall 
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anisotropic reflective plates 11. The reflected light passes through the display sohitions 71, 73 and 75 with red, green 

through the red display solution 71 so as to radiate in a red and blue colors so as to radiate in a white state. 

Reference is made to FIG. 9B, which shows tb; fifUi 

TheaforemeotionedenibodimeotsslKwfliecolordisplay embodiment of the present invention in a black stet^ The 
1 ■ *, # -s^- 5 charged pigment particles 92 are dispersed upon tlie top 

cell 72 «n dbsplay a varie^of stortes since tte pig^t 3^/7^^ 3^ ^ reflected by the bottom refh:ctive 

particles 72 thereof vary based on the action of flie electnc ^"^^^^ is blocked hy the pigment particles 92 so as to 

^ ^ ^ display a black state. The states of the pigment particles can 

FIG. «A is a lateral view of the fourth embodiment of the ^ dianged to displ^ various eflFects based on the action of 

present invention in a white state. These micro-structure electric field. 

spaces of the display cell isolated by the partitioning walls 3 jg^^j^j ^j^^ ^ j^th embodimeni: of the 

S6 between the top substrate 801 and the bottom substrate present invention in a white state. The micro-st'iicture 

802 are filled with transparent display solutions 81a, Sib and ^^^^^ ^ gjj^^ ^-^^ transparent display solutions 81a, 

81c having a plurality of white and reflective pigment Wherein, a color display cell of the present 

particles 82. The anisotropic reflective plates 811 are dis- embodiment includes red, green and blue sub-display cells 

posed along the top substrate 801 relative to the position of y^zN'mg the plurality of pigment particles with abiwrbing 

the partitiomng walls 8d. FuiUiennore, red, green and blue material. The charged pigment particles 12 vary according to 

filters 821, 823 and 825 with transparent material are dis- g^jj^^ electric field. The pigment particles 10 are 

posed along the bottom substrate 802 relative to the position dispersed leaning against the partitioning walls 86 of the 

of the micro-stmcture space. The white state of the display embodiment, and the light is reflected or scattered by the 

cell is created by mixing the primary colors for each bottom reflective plates 12 as it passes through the filters 

sub-display cell. The light emits from the backlight module ^21, 823 and 825 and displays white light by mixing the 

. installed on the one side of the bottom substrate 802 to Ihe prfi^ary colors, 

anisotropic reflective plates 811 of the top substrate 801 jQg -g g ^^^^^ ^jg^ ^f^^ gj^th embodiment of the 
through the partitioning walls 86. Then the reflected light ^5 present invention in a green state. The pigment particles 10 

goes through the display solutions 81fl, 815 and 81c of the display solutions Sla, Sib are dispersed upon the top 

sub-display cells. Meanwhile, the charged pigment particles substrate 801, and used to block the light reflected or 

82 therein are disp^ed upon the substrate 802 due to the scattered by the bottom reflective plates 12, so the reflected 

action of the electric field. After that, the incidental light scattered light won't pass through the red filter B21 and 

reflects and passes through the red filter 821, the green fflter ^j^^ gjjgj. 523. Nevertheless, the pigment particles 10 

823 and the blue filter 825, finally forming white light. The ^^pj^y solution 81c are dispersed leaning against the 

sunounding light can be incorporated as the light source of partitioning walls 86, so the light reflected or scattered by 

the present embodiment; both the backlight and the sur- bottom reflective plate 12 will pass through the blue filter 

rounding light are used to enhance the displaying eflSciency. so as to radiate in a blue state. 

FIG. SB ^ows the green state of the display cell having 35 nC. IIA and FIG. IIB show the seventh embodiment of 

the red filter 821, the green filter 823 and the blue filter 825 the present invention. The red filter 115, the green filter 116, 

on the top substrate 801. The pigment particles 82 are the blue filter 117 and the bottom reflective platef. 118 are 

changed due to the action of the electric field. The various disposed on the bottom substrate 702 of the sub-display 

states of the pigment particles 82 cause various displaying cells. The light reflected or scattered by the bottom inflective 

effects because of the mixture of the primaty colors. As 40 plate 118 goes through the red, green and blue filters so as 

shown in the diagram, the pigment particles 82 in the display to show various colors. The bottom reflective plates 118 of 

solutions 81<2 and 81c are dispersed leaning against the the other embodiments can be the respective primaiy colors 

partitioning walls 86 due to the action of die electric fidd. reflective plates for each sub-display cell. The light reflected 

When the light hits the black absorbing plates 812 on the or scattered by the mentioned bottom reflective plates can be 

bottom substrate 802 through the display solutions 81a and 45 used to show various effects. Otherwise, the light source can 

81c, no red or blue light is reflected from these sub-<lisplay be a backlight, a surrounding light, or both, 

cells. But the pigment particles 82 in tiie (Usplay solution FIG. IIA shows the white state of this embodiraent. The 

Sib are dispersed upon the bottom substrate 802. Finally, the pigment particles 92 in the display solutions 81a, 81b and 

incidental light reflected or scattered by the pigment par- gic are dispersed leaning against the partitioning walls 76. 

ticks 82 passes through the green filter 823 so as to radiate 50 The light reflected or scattered by the bottom reflective 

green light. plates 118 passes through each filter 115, 116 and 117 

If the white particles are changed to pigment particles respectively, and radiates white light by mixing the primary 

witfi absorlHi^ material, the white state of the display cell colors evenly. 

will be shown as the fiflh embodiment of the present FIG. IIB shows the red state of the display d<jvice. The 

invention. The micro-structure spaces filled with the red 55 pigment particles 92 are dispersed to block the reflected or 

display solution 71, the green display solution 73 and the scattered light in the display solutions 816 and 81c, so that 

blue display solution 75 respectively are isolated by the no light is emitted. But the pigment particte; 92 with 

partitioning walls 76 between the top substrate 701 and the absorbing material in the display solution 81a are dispersed 

bottom substrate 702. Bottom reflective plates 912 are leaning against the partitioning walls 76, so the light 

disposed along the bottom substrate 702 relative to the 60 reflected or scattered by the bottom reflective plate 118 

position of the display solutions 71, 73 and 75. The afore- passes through the red fiher 115 so as to finally display a red 

mentioned bottom reflective plate 912 can be a scattering- state. 

type reflective plate. The pigment particles 92 with absorb- Furthermore, one or a pluralit>' of light guides is installed 

ing material are dispersed leaning against the partitioning in the aforementioned space isolated by the partitiomng 
walls 76 due to the action of the electric field. After that, the 65 walls in the display device. Reference is made to FIG. 12A, 
light reflected by die anisottopic reflective plates 711 is which is a lateral view of the eighth embodiniait of Ihe 
reflected by the hottom reflective plates 912 aad passes transflective electiophoretic display device. The light from 
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the backlight module emits to the anisotropic reflective 
plates 403 of the top substrate 401 through the partitioning 
walls 405, and is reflected to the display solution thereof. 
However, a light guide 120 connected with the top substrate 
401 and the bottom substrate 402 is installed in the qjace. 
The backlight can be emitted to the top substrate 401 
through the ligjit guide 120. After that, the light is reflected 
to the display solution by the anisotropic reflective plate 403' 
disposed at a position relative to the li^t guides. Whereby, 



are white particles, black particles, chromatic particles or 
chromatic transparent particles. 

7. The transflective electrophoretic display device as 
recited in claim 1, wherein the electrades of Ae bottom 
substrate are a plurality of side electrodes. 

8. The transflective electrophoretic display device as 
recited in claim 1, wherein die electrodes of the bottom 
substrate generate an in-plane electric field. 

9. The transflective electrophoretic display device as 



the light guide can enhance the brightness of fhe transflec- lo recited in claim 1, wherein the electrodes of the bottom 

tive electrophoretic display device and fecilitate the display- substrate and a plurality of electrodes of the top substrate 

ing effect. generate an up/down switching mode, an in-plane switching 

FIG. 12B is an overlooking view of the display device mode or a dual switching mode electric fleld. 

mUk the U^t guide 120. FIG. 12C is the overlooking view xO. The transflective electrophoretic display de^'ice as 

of the display device with a plurality of light guides 120 is recited in claim 1, wherein one or a plurality of light guides 

disposed between the top substrate and the bottom substrate connected with Ihe top substrate and the bottom substrate is 



of the present invention. 

The invention may be embodied in other specific forms 
witiiout depaitii^ from the sprit or essential characteristics 
th«eof. The present embodiments are therefore to be con- 20 
sidered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
chaises which come within the meaning and range of 
equivalency of the claims are therefore intended to be 25 
embraced therein. 

What is claimed is: 

1. A transflective electrophoretic display device, wluch is 
composed of a plurality of display cells, the display device 
comprises: 50 

a top substrate, which is a transparent substrate having a 
phuality of anisotropic reflective plates of the display 
device; 

a bottom substrate having a plurality of light plates and a 
plurality of electrodes so as to generate an electric field, 35 
and the bottom substrate is installed opposite to the top 
substrate; 

a plurality of partitioning walls, which are transparent 
materi^s and disposed between the top substrate and 
the bottom substrate so as to isolate the plurali^ of 40 
display cells; 

a display solution, which is composed of a plurality of 
pigment particles and transparent liquid so as to fill a 
space isolated by the top substrate, the bottom substrate 
and the pattitioniiig walls; 45 

wherein the electric field in the display cell is changed to 
guide the behavior of the plurality of charged pigment 
particles in the display solution, a ligjrt emits to the 
anisotropic reflective plates of the top substrate through 
the partitioning walls, and the plates reflect the light to 50 
ibe display solution so as to radiate monochiooaatic or 
gray-scale effects. 

2. The transflective electrophoretic display device as 
recited in claim 1, wherein a light source is disposed below 
the display device. 55 

3. The transflective electrophoretic display device as 
recited in claim 1, wherein the anisotropic reflective plates 
of the top substrate are disposed relative to ihe partitioning 
walls. 



disposed in the space isolated by the top substrste, the 
bottom substrate and the partitioning walls. 

11. A transflective electrophoretic display device, the 
display device is composed of a phuality of displa)' cells, 
and the display cells are fiiither composed of a plurjility of 
sub-display cells having red, ffeea and blue colors, the 
display device comprises: 
a top substrate, which is a trauspareaxt substrate faa^^ng a 
plurality of amsotropic reflective plates of the display 
device; 

a bottom substrate having a plurality of light platus and a 
plurality of electrodes so as to generate an electric field, 
and the bottom substrate is installed opposite to the top 
substrate; 

a plurality of partitioning walls, which are traiisparent 
materials and disposed between the top substrate and 
the bottom substrate so as to isolate flie plurality of 
sub-display cells; 
a red display solution, which is composed of a phtrality of 
pigpaent particles and transparent liquid so as to fill a 
space isolated by flie top substrate, the bottom ;>ubstrate 
and the partitioning walls; 
a green display solution, which is composed of a plurality 
of pigment particles and transparent liquid so as to fill 
a space isolated by the top substrate, the bottom sub- 
strate and the partitioning walls; 
a blue display solution, which is composed of a plurality 
of pigment particles and transparent liquid so as to fill 
a space isolated by the top substrate, the bottom sub- 
strate and the partitioning walls; 
wherein the electric field in the display cell is clianged to 
guide the behavior of the pluraHty of chaige<l pigment 
particles in the red, green and blue display scilutions, a 
ligbt emits to the amsotropic reflective plates of the top 
substrate through the partitioning walls, and ihe reflec- 
tive plates reflect the tight to the red, green and blue 
display solutions so as to radiate color effects. 

12. The transflective electrophoretic display device as 
recited in claim 11, wherein a backlight module is disposed 
below the display device, 

13. The transflective electrophoretic display device as 
recited in claim 11, wherdn the anisotropic reflective plates 



4. *The transflective electrophoretic display device as 60 of the top substrate are disposed relative to the partitioning 
recited in claim 1, wherein the light plates are reflective walls, 
plates or absori}ii% plates. 

5. The transflective electrophoretic display device as 
recited in claim 1, wher^u the li^t plates are chromatic 
reflective plates. 6S 

6. The transflective electrophoretic display device as 
recited in claim 1, wherdn the plurality of pigment particles 



14. The transflective electrophoretic display device as 
recited in claim 11, wherein the light plates aw: reflective 
plates or absorbing plates. 

15. The transflective electrophoretic display device as 
recited in clsum 11, wherein the light plates are scattering- 
type reflective plates. 
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16. The transflective electrophoretic display device as wherein the electric field in the display cell is changed to 
recited in claim 11, wherean the plurality of pigment par> guide the behavior of the plurality of chaiged pigment 
tides are reflective white particles or absorbent black par- particles in each display solution, a light emits to the 
^cjes^ anisotropic reflective plates of the top substrate tlirough 

17. The transflective eJectrophoiettc display device as 5 the partitioning walls, and the reflective plates reflect 
recited in cltdm 11, whefein the electrodes of the bottom the light to the display solution and through tiie red, 
substrate are a plurality of side electrodes. green and blue filters so as to radiate various eEfects. 

18. The trajisflective electrophoretic display device as 22. The transflective electrophoretic display dev-ice as 
recited in claim 11, wherein the electrodes of the bottom recited in claim 21, wherein a backlight module is disposed 
substrate generate an in-plane electric field, 10 below the display device. 

19. The transflective electrophoretic display device as 23. The transflective electrophoretic display device as 
recited in claim 11, wherein the electrodes of the bottom recited in claim 21, wherein the anisotropic reflective plates 
substrate and a plurality of electrodes of the top substrate of the top substrate are disposed relative to the partitioning 
generate an up/down switching mode, an in-plane smtching walls. 

mode or a dual switchmg mode electric field. 15 24. The transflective electrophoretic display dc-'ice as 

20. The transflective electrophoretic display device as recited in claim 21, wherein the red, green and blue filters of 
recited in claim 11, wherein one or a plurality of light guides the top substrate are disposed relative to die space, 
connecting with the top substrate and the bottom substrate is 25. The transflective electrophoretic display device as 
disposed in the space isolated by the top substrate, the recited in claim 21, wherein the red, green and blue filters of 
bottom substrate and the partitioning walls. 20 the bottom substrate are disposed relative to the spjice. 

21. A transflective electrophoretic display device, the 26. The transflective electrophoretic display device as 
display device is composed of a plurality of display cells, recited in claim 21, wherein the light plates are reflective 
and the display cells are further composed of a plurality of plates or absorbent plates. 

sub-display cells having red, green and blue colors, the 27. The transflective electrophoretic display device as 

display device comprises: 25 recited in claim 21, wherein the light plates are sciitlering- 

a top substrate, which is a transparent substrate having a type reflective plates, 

phirality of anisotropic reflective plates of the display 28. The transflective electinphoretic display dtwice as 

device; recited in claim 21, wherein the plurality of pigmeait par- 

a bottom substrate having a plurality of light plates and a tides are reflective white particles or absorbent black par- 
pluiality of electroctes so as to generate an electric field, 30 tides, 

and the bottom substrate is installed opposite to the top 29. The transflective electrophoretic display divice as, 

substrate; recited in claim 21, wherein the electrodes of the bottom 

a plurality of partitionii* walls, which are transparent substrate are a plurality of side electrodes, 

materials and disposed between the top substrate and 30. The transflective electrophoretic display device as 
the bottom substrate so as to isolate the plurality of 3S recited in claim 21, wherein the electrodes of tbs bottom 

sub-display cells; substrate generate an in-plane electric field. 

a plurality of display solutions, which are composed of a 31. The transflective electrophoretic display device as 

plurality of pigment particles and transparent liquids, recited in claim 21, wherein the electrodes of the bottom 

the ^splay solutions fill a space isolated by the top substrate and a plurality of electrodes of the top substrate 
substrate, the bottom substrate and flie plurality of 40 generate an up/down switchii^ mode, an in-plane switching 

partitioning wails of die sub-display cells of the di^lay mode or a dual switching mode electric field, 

cells; 32. The transflective electrophoretic display ctevice as 

a red filter, which is a transparent material installed <m the recited in claim 21, whereinoneoraplurality of light guides 

top substrate or the bottom substrate; connecting with the top substrate and the bottom si; bstrate is 

a green filter, which is a transparent material installed on 45 disposed in the space isolated by the top substrate, the 

the top substrate or the bottom substrate; bottom substrate and the partitioning walls. 

a blue filter, which is a transparent material installed on 

the top substrate or the bottom substrate; * * ♦ ♦ * 
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ABSTRACT 



The present invention relates to a high contrast reflective 
display cooDqprisu^ at least one substrate, at least one elec- 
trically conductive layer and at least one close-packed, 
ordered monolayer of domains of electrically modulated 
material in a fixed, preferably crosslmked, pclyma- matnx 
and a method of making the same. 
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within the scope of one or more claims of the '457 patent. The infiringing 

J 

instrumentalities have no substantial non-in&imging uses. 

92. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 
substantial damages, ; 

93. Unless Samsung is enjoinejd by this Court from continuing their 
infringement of the '457 patent, ITRI will sufifer additional irreparable harm and 
impairment of the value of its patent rights. I 

94. ITRI has incurred and will inciir attorneys* fees, costs, and expenses in the 

ij 

prosecution of this action. The circumstances of this dispute create an exceptional case 

i 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses. 

XII. INFRINGEMENT OF U.S. PATENT NO. 7^39,197 

95. On March 4, 2008, the USPT0 issued U.S. Patent No. 7,339,197, entitled 
"Light Emitting Diode and Fabrication Method Thereof (hereinafter "the *197 patent"). 
A true and correct copy of the * 197 patent is attached hereto as Exhibit J. 

96. ITRI is the owner of all right, title, and interest in and to the ' 1 97 patent by 
assignment, with fiiU right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 

i 

and income. i 

97. The ' 1 97 patent is valid and enforceable. 

98. All requirements under 35 U.^.C. § 287 have been satisfied with respect to 

the* 197 patent. \ 

ij 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 17 
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REFLECTIVE DISPLAY BASED ON LIQUID sumed by the polymerization process can contuiue to pro- 

CRYSTAL MATERIALS duce free radicals that can degrade the polymer and liquid 

crystals over time. Furthermore, it is also known that UV 

CROSS REFERENCE TO RELATED radiation is harmfiil to liquid crystals. Specifically, exposure 

APPLICATIONS 5 to UV radiation can lead to decomposition of the chiraJ 

dopant in a cholesteric liquid crystal mixture, resulting in a 

This is a continuation-in-part of application Sen No. change in the teOected color. The use of organic solvents 

11/017,181, filed Z>ec. 20, 2004 now abandoned entitled may also be objectionable in certain manufactoring envi- 

"REFLECTIVE DISPLAY BASED ON LIQUID CRYS- ronments. 

TAL MATERIALS" by Chari et al. lo U.S. Pat. Nos. 6,423,368 and 6,704,073 propose to over- 
come the problems associated with the prior ^ot methods 

HELD OF THE INVENTION through the use of droplets of the liquid ciysial material 

prepared using a limited coalescence process. In this pro- 
Hie presait invention relates to a high contrast displays. cess, tiae droplet-water interface is stabilized hy particulate 

15 species, such as colloidal silica. Surface stabilization by 

BACKGROUND OF THE INVENTION particulate species such as colloidal silica is ]>articularly 

prefeired as it can give narrow size distribution and the size 
There is significant interest in low cost flexible electronic of the droplets can be controlled by the concentj-ation of the 
displays. Typically, such displays comprise a light modulat- particulate species employed. The materials prepared via 
ing component embedded in a binder (most commonly 20 this process are also referred to as Pickering Enmlsions and 
polymer) matrix that is coated over a conductive plastic are described more ftilly by Whitesides and Ross (J. Colloid 
support. Broadly speaking, a light modulating component is Interfece Sci. 169, 48 (1995)). The unifonn drojjlets may be 
a material that changes its optical properties such as its combined with a suitable binder and coated on a conductive 
ability to reflect or transmit light in response to an electric surface to prepare a device. The process provides improve- 
field. The light modulating component may be a liquid 25 ment in brightness and contrast over prior art processes. It 
crystalline material such as a nematic liquid crystal, a chiial also overcomes some of the problems associat<jd with pho- 
nematic or cholesteric liquid crystal or a ferroelectric liquid toinitators and UV radiation. However, there i.B still much 
crystal. The light modulatmg material may also be a water room for improvement, particularly in terms of the switch- 
insoluble liquid containing particles that undergo electro- ing voltage or the voltage needed to change the orientation 
phoresis or motion such as rotation or translation in response 30 of the liquid crystal from one state to another. The latter has 
to an electric field. Displays comprising a liquid crystalline a significant effect on the overall cost of the display. A low 
material in a polymer matrix arc refened to as polymer switching voltage is exfremely desirable for bw cost dis- 
dispersed liquid crystal (PDLC) displays. plays. 

There are two main methods for fabricating PDLC The device described by U.S. Pat. Nos. 6,423,368 and 

devices: emulsion methods and phase separation methods. 35 6,704,073 suffers firom drawbacks because of the structure 

Emulsion methods have been described in U.S. Pat. Nos. of the coated layer. Undesirably, there may be more than a 

4,435,047 and 5,363,482. The liquid crystal is mixed with an monolayer of droplets between the two electzcdes. Fuitber- 

aqueous solution containing polymer. The liquid crystal is more, the process of coating a heated emulsion of the liquid 

insoluble in the continuous phase and an oil-in-water emul- crystal in a gelatin binder onto a substrate with a conductive 

sion is formed when the composition is passed through a 40 layer and subsequently lowering the temperature of the 

suitable shearing device, such as a homog^zer. The emul- coating to change the state of the coated layer firom a free 

sion is coated on a conductive surface and the water allowed flowing liquid to a gel state (lefeiied to as a ixji-gel tisum- 

to evaporate. A second conductive surface may then be tion) prior to drying the coating results in an extremely 

placed on top of the emulsion or imaging layer by lamina- uneven distribution of droplets of liquid crystal. At the 

tion, vacuum deposition, or screen printing to form a device. 45 microscopic scale there are regions of the coating containing 

While the emulsion methods are straightforward to imple- overlapping droplets and other regions with no droplets at all 

ment, droplet size distributions tend to be broad resulting in between the electrodes. The uneven distribution of droplets 

a loss in performance. For cholesteric liquid crystal devices, results in a decrease in contrast and an increas s in switching 

also referred to herein as CLC devices, this typically means voltage. 

reduced contrast and brightness. Phase separation methods 50 U.S. Pat. Nos. 6,271,898 and 5,835,174 also describe 

were introduced in an effort to overcome this difficulty. compositions suitable for flexible display apjjlications that 

Phase separation methods have been outlined in U.S. Pat. employ very uniform sized droplets of liquid crystal in a 

No. 4,688,900 and in Drzaic, P. S. in Liquid Crystal Dis- polymer binder. However, no attempt is made to control the 

persions, pgs- 30-51, published by Worid Scientific, Sin- thickness or the distribution of droplets in the coated layer 

gapore (1995). The liquid crystal and polymer, or precursor 55 resulting in less than optimum performance, 

to the polymer, are dissolved in a common organic solvent. U.S. patent application Ser. No. 10/718,900 shows that 

The composition is then coated on a conductive surface and the maximum contrast in a bistable chiral jiematic liquid 

induced to phase separate by application of ultraviolet (UV) crystal display prepared by the limited coalescence method 

radiation orby the application of heat or by evaporation of is obtained when the uniform liquid crystU domains or 

the solvent, resulting in droplets of liquid crystal in a solid 60 droplets are coated as substantially a monobyer on the first 

polymer matrix. A de\'ice may then be constructed utilizmg conductive support. The bistable states in these chiral nem- 

fhis composition. Although phase separation methods pro- atic liquid crystal displays are the planar reflc i^ting state and 

duce dispersed droplets having more uniform siis distribu- the weakly scattering focal conic state. Back-scattering of 

tions, there are numerous problems with this approach. For light firom the weakly scattering focal coruc .state increases 

example, the long term photostability of photopolymerized 65 drastically when there is more than a monolayer of droplets 

systems is a coaicon due to the presence of photoimtiators between the conductive surfaces. While the mjethod provides 

that produce reactive free ladicals, Fbotoinitiatois not con- disp^rs with an improv^ent in brightness and contrast, it 
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still falls short of optimum performance because the gelatin 
binder is made to undergo a sol-gel transition prior to drying 
of the coating resulting in an uneven structure. 

Rudhardt et al. (Applied Physics Letters vol. 82, page 
2610, 2003) describe a method of fabricating a light modu- 5 
lating device whwein a composition containing very uni- 
form droplets of liquid crystal in an aqueous solution of 
polymer binder is spread on an indium tin oxide (ITO) 
coated glass surface and the water allowed to evaporate. The 
droplets of liquid crystal spontaneously self-assemble into a ii 
hexagonal close-packed (HCP) monolayer. A second ITO 
coated glass surface is placed over the coated layer of 
droplets as the top electrode to complete construction of the 
device. A uniform monolayer thickness is achieved for Ihe 
coated layer and the close-packed (Sstribution of droplets is i: 
also extremely well defined. Both features result in a low 
switching voltage. However, there are numerous problems 
with this approach. Firstly, the uniform droplets of liquid 
ciystal are prepared by extrusion through a thin capillary 
into a ffowing fluid. When a droplet at the tip of the capillary 2i 
grows to teach critical size, viscous drag exceeds surface 
tension and breakoff occurs, producing highly monodisperse 
emulsions. Clearly, this method of creating one droplet at a 
time is not suitable for large scale manufacture. Secondly, 
the method by which the second (top) electrode is applied 2 
may be suitable for construction of small scale displays on 
rigid substrates such as glass but is not viable for large area 
low cost displays on flexible substrates. 

US 2003/0137717A1 and US 2004/02 17929 A I indicate 
that a close-packed monolayer of droplets of the light 3 
modulating component may be desirable for obtaining high 
brightness and contrast in a polymer dispersed electro- 
phoretic display. However the m^hod of making droplets 
described in these applications is a standard emulsification 
process that does not result in emulsions having a narrow 3 
size distribution that is desirable for obtaining close-packed 
monolayers by spontaneous self-assembly. The preferred 
method of preparing droplets in US 2003/0137717A1 and 
US 2004/02 17929 A I also involves encapsulation resulting 
in droplets or capsules in the size range of 20 to 200 microns 4 
with wall thickness of 0.2 to 10 microns. The relatively large 
droplet size and wall thickness result in high switching 
voltages. The latter is particulariy a problem for bistable 
CLC devices. Encapsulation is clearly not desirable but 
these applications do not teach how a second conducting a 
layer is to be applied on top of the coated layer of droplets 
in the absoice of encapsulation. In the absence of encapsu* 
lation, droplets of the light modulating component may 
directly come in contact witii the organic solvent in the 
screen printed conducting ink leading to contamination or 5 
poisoning of the light modulating component. This is par- 
ticularly a concern if the light modulating component is a 
liquid CTystal material. 

To overcome the difficulties of US 2003/01 377 17A1 and 
US 2004/021 7929A1, US 2004/0226820A1 teaches that a 5 
close-packed monolayer of droplets may be obtained by 
using electro-deposition followed by washii^ aiter the drop- 
lets have been spread on a suitable surface using a coating 
knife or (gating head such as a slot die coating head. 
However, the additional steps of electro-deposition and < 
washing are cumbersome and not suitable for manufacturing 
on a laige scale. Even with these additional steps, a close- 
packed monolayer of uniform thickness is not achieved. The 
root mean square (RMS) surface roughness is about 6 
microns because of non-uniform droplets or capsules. This i 
is a very high value of sur&ce roug^ess that would result 
in irregular or incomplete curing if a UV curable screen 
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printed conducive ink is used as the second electrode. The 
irregular curing will result in increased switching voltages. 
Furthennore, a siu'&ce rougjhness of this magnitude will also 
result in significant non-uniformity of switching voltage 
across the area of the display since the switching; voltage is 
directiy related to the thickness of the coated la yer. 

US 2003/0137717A1, US 2004/021 792 9Ai and US 
2004/0226820A1 also teach using polymer latex as the 
prefeired binder. The use of polymer latex materials is not 

) desurable for a number of reasons. Many comms^icial latex 
materials contain high boiling organic co-solvents that ren- 
der them unsuitable for use in PDLC films due to the 
poisoning effect the solvents have on the liquid crystal or 
other light modulating component. This is particularly true 

> if tine droplets are not encapsulated as is desirable from the 
point of view of reduced switching voltage. Latcsc polymers 
also have an affinity for the liquid crystal or otiier light 
modulating component leading to dissolution of the light 
modulating compoaent into die polymer matrix. Further- 

} more, if the latex is not fully transparent, it can lisad to a loss 
of contrast. Other binders suggested in US 2004/02 17929A1 
such as acrylics or polyvinylalcohol are difdcult to fix or 
cross-link if used alone. Fixing or cross-linking is desired in 
order to preserve the close-packed monolayer structure 

S when other layers are spread over it. 

U.S. Pat No. 5,847,798 discloses a liquid crystalline light 
modulating cell and material, characterized by liquid crys- 
talline light modulating material of liquid cryslal and poly- 
mer, the liquid crystal being a chiral nematic liquid crystal 

9 having positive dielectric anisotropy and including chiral 
material in an amount effective to form fociil conic and 
twisted planar textures, the polymer being distributed in 
phase separated domains in the liquid crystiil cell in an 
amount that stabilizes the focal conic and tv/isted planar 

5 textures in the absence of a field and permits die liquid 
crystal to change textures upon the application of a field. In 
one embodiment, the material is light scattering in a field- 
OFF condition and optically clear in a field-ON condition, 
while in another ^bodiment, the material is cptically clear 

0 in a field-OFF condition and light scattering in a field-ON 
condition. In still another embodiment, a black-white cho- 
lesteric reflective display can be realized by employing a 
polymer concei]tration of about three perc«it based on the 
combined weight of all the material contained within the 

5 cell. A cholesteric material which has an intrinsic pitch of 
about 600 nm results in a display which appears much like 
a newspaper or book page. In otfaor words, by selecting in 
combination the proper polymer concentration and intrinsic 
pitch of the liquid crystal material, a substantially white page 

0 or surface with black characters thereon car> be obtained. 
This embodiment allows for a display with a substantially 
white backgroimd with substantially blade characters much 
like a printed page. However, this embodiment has a cell 
consisting of two substrates, one on either side of the liquid 

5 crystal polymer film. 

U.S. Pat. No. 6,833,891 discloses a reflective liquid 
cxystsA displ^ (LCD) including a cholesteric: liquid cr^^l 
polarizing device and a liquid crystal cell superimposed mtia. 
one another. In various embodiments, the reflective LCD 

0 may be a normally white mode or normally black mode 
device. In another variation, the liquid cr/stal cell may 
include a 9(f twisted nematic liquid crystal. Unlike the 
current invention, this invention includes a 90 degree 
twisted nematic LCD to modulate the light output. 

5 U.S. Pat. Publ. No. 2004/0223098 discloses a display 
device displaying a color by mixing lig;ht reflected by a first 
reflection element and tight reflected by a second reflection 
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element by additive color mixture, in which the light of a 
fizst wavelength reflected by the flist reflection element and 
light of a second wavelength Fleeted by the second xeflec- 
tion element have a mutually complementaiy color relation- 
ship. Thus, the display device, which can make good black 
and white display by a simple structure and can be driven by 
a simple method, can be realized. Unlike the current inven- 
tion, this invention has 2 layos of cholestoic, for instance 
one blue and one yellow, using additive color the mixture is 
white. 

U.S. Pat. Publ. No. 2004/0125284 discloses a cMial 
ncmatic display configuration, typically in liquid crystal 
displays, comprising a chiral nematic display of controllable 
planar structure and focal conic structure, characterised by 
the chiral nematic liquid crystal material being between two 
transparent substrates having conductive electrodes, the 
material being between two elliptical polarizers and lHaexG 
being an optical reflector. The invention achieves a high 
contrast black-and-white display. The displays in the 
embodiment are first and second optical mode configura- 
tions of the black-and-white chiral nematic displays. Unlike 
the current invention, this invention utilizes elliptical polar- 
izers on either side of the cholesleric liquid ciystal to absorb 
or transmit the light transmitted by 4e cholesteric liquid 
ciystal. 

For these reasons, an alternative approach is clearly 
needed. 

PROBl£M TO BE SOLVED 

There remains a need for a reduced cost, display having 
excellent brightness, high contrast, and low switchii^ volt- 
age. 

SUMMARY OF THE INVENTION 

The present invention relates to a high contrast reflective 
display comprising at least one substrate, at least one elec- 
trically conductive layer and at least one close-packed, 
ordered monolayer of domains of dectrically modulated 
mat^al in a fixed polymer matrix and a mefliod of making 
the same. 

ADVANTAGEOUS EFFECT OF THE 
INVENTION 

The present invention includes several advantages, not all 
of which are incorporated in a single embodiment The 
current single substrate displays have a small distribution of 
wavelengths reflected this will allow for broadband reflec- 
tion and black for the daik state. This is much more pleasing 
so the ^e then nKmochrome displsQrs. By selecting, in 
combination with the light modulating material with an 
intrinsic piteh, a UV curable polymer in a proper concen- 
tration, a substantially white page or surface with black 
characters thereon can be obtained. Accordingly, the black- 
white cholesteric reflective display provides a pleasing 
appearance and reduced eyestrain while reading the charac- 
ters on the display when compared to other currently known 
liquid crystal reflective displays, while being pressure insen- 
sitive aod using one substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents the di£Braction pattern caused by Fraun- 
hofer diffiaction of light indicating a close-packed ordered 
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monolayer of chiral nematic liquid crystal (CLC) droplets 
(or droplets of the light modulating material) in the coating 
of the invention. 

FIG. 2 represents the diffraction pattern by ^raunhofer 
5 diffraction of light indicating a very disordered coating of 
the CLC droplets, according to the prior art. 

FIG. 3 ilhistrates &e electro-optic response of a display 
device based on one embodiment of the metliod of the 
invention. 

10 FIG. 4 illustrates the electro-optic response cf a display 
device based on tiie method of die prior art. 

FIG. 5 illustrates the electro-optic response of a display 
device based on a second embodiment of tiie mediod of the 
invention. 

15 FIG. 6 illustrates a display based on one embsdiment of 
the invention. 

FIG. 7 illustrates a display based on a second embodiment 
of the invention. 

FIG. 8 illustrates a typical response of a bistiible choles- 
20 teric or chiral nematic liquid ciystal material to voltage 
pulses. 

FIG. 9 ilhistrates the unifoimity of the sur&ce of the 
coated layer of tiie light modulating component prepared 
accordmg to the method of the invention. 
25 FIG. 10 illustrates fixing the architecture o:f the coated 
layer of the light modulating component of uniform thick- 
ness according to Xb& method of lie invention, 

FIG. U illustrates the electro-optic response of a display 
device using polymer latex as binder in the imaging layer. 

30 

DETAILED DESCRIPTION OF TKE 
INVENTION 

The present invention relates to a high contrast reflective 

35 display comprising at least one substrate, at leeist one elec- 
trically conductive layer and at least one close-packed, 
ordered monolayei: of domains of electrically modulated 
material in a fixed, preferably crosslinked, polymer matrix 
and a method of making the same. In the preferred embodi- 

40 ment, the electrically modulated matenal is a chiral nematic 
liquid crystal incorporated in a polymer m^itrix. Chiral 
nematic liquid crystalline materials may be used to create 
electronic displays that are both bistable and viewable under 
ambient lighting. Furthermore, the liquid crysJtalline mate- 

45 rials may be dispersed as micron sized dioplets in an 
aqueous medium, mixed with a suitable bmdei- material and 
coated on a flexible conductive support to crejite potentially 
low cost displays. The operation of these displays is depen- 
dent on the contrast between the planar reflecting state and 

50 the weakly scattering focal conic state. In order to derive the 
maximum contrast fiiom these displays, it is desired that the 
cfaixal nematic liquid ciystal domains or droplets are ^read 
on a conductive support as a close-packed citlered mono- 
layer. It is possible to prepare such an ordered monolayer by 

55 first applying an aqueous dispersion of chiral nematic liquid 
crystal domains to the substrate in the presence of a suitable 
binder, allowing the domains or droplets to self-assemble 
into a close-packed ordered monolayer, preferably a hex- 
agonal close-packed (HCP) monolayer and then allowing 

60 the binder material to set, become fixed or crosslink to 
preserve the close-packed ordered monolayifr structure so 
that other aqueous layers can be spread above the imaging 
layer without afiecting the close-packed structure. 
In general, the light modulating ima^ng layer contams 

65 electrically modulated material domains tlisporsed in a 
binder. For purposes of the present invention donrains are 
defined to be synoi^anous with micelles and/or droplets. The 
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electrically modulated material may be electrochromic particles. The described microcapsules are dispos<jd between 
material, lotatable microencapsulated microspheres, liquid a pair of electrodes, such that a desired image is ibxmed and 

crystal materials, cbolesteric/chiral nematic liquid crystal displayed by the material by varying the dispersion state of 

materials, polymer dispersed liquid ciystals (PDLC), poly- the charged particles. The dispersion state of tlie chaiBed 
mer stabilized liquid crystals, surfece stabilized liquid ciys- 5 particles is varied through a controlled electric field applied 

tals, smectic hquid crystals, ferroelectric material, electrolu- to the electrically modulated material, 

minescent material or any other of a very large number of Further, the electrically modulated material may include a 

light modulating imaging materials known in the prior art. thermochromic material. A thermochromic material is 
The domains of the electrically modulated imagii»g layer capable of changing its state alternately between transparent 
include droplets having unifoim domain size, with few, if 10 and opaque upon the application of heat In this manner, a 

any, parasitic domains, which are domains with random or thermochromic imaging material develops images through 

uncontrolled sizes and which have undesirable electro- the application of heat at specific pixel locations in order to 
optical properties, withm the dried coatings, as described in form an image. The thermochromic imaging material retains 

previous patent art. a particular image until heat is again applied to the material. 

The display inchides a suitable electrically modulated 15 Since the rewritable material is transparent, UV fluorescent 

material disposed on a suitable support strachine, such as on printings, designs and patterns underneath c£fli be seen 

or between one or more electrodes. The term "electrically through. 

modulated material" as used herein is intended to include The electrically modulated material may ailso include 

any suitable nonvolatile material. Suitable materials for the surface stabilized ferrroelectric liquid crystals: (SSFLC). 

elecfaically modulated material are described in U.S. patent 20 Surface stabilized ferroelectric liquid crystals confining fer- 

application Ser. No. 09/393,553 andU.S. Provisional Patent roelectric liquid crystal material between closely spaced 

Application Ser. No. 60/099,888, the contents of both appli- glass plates to suppress the natural helix configuration of the 

cations are herein incorporated by reference. crystals. The cells switch rapidly between tv,o optically 

The electrically modulated material may also be an distinct, stable states simply by alternating the sign of an 

anangementofparticles or microscopic containers or micro- 2S applied electric field. 

capsules. Each microcapsule contains an electrophoretic Magnetic particles suspended in an emulsion comprise an 
composition of a fluid, such as a dielectric or emulsion fluid, additional imaging material suitable for use with the present 
and a suspension ofcolored or charged particles or colloidal inventioa Application of a magnetic force alters pixels 
material. According to one practice, the particles visually formed with the magnetic particles in order to create, update 
contrast with the dielectric fluid. According to another 30 or change human and/or machine readable indicia. Those 
example, the electrically modulated material may include skilled in the art will recognize that a variety of bistable 
rotatable balls that can rotate to expose a different colored nonvolatile imaging materials are available and may be 
surfece area, and which can migrate between a forward implemented in the present invention, 
viewing position and/or a rear nonviewing position, such as The electrically modulated material may also be config- 
gyncon. Specifically, gyricon is a material comprised of 35 ured as a single color, such as black, white or cl<ar, and may 
twisting rotating elements contained in liquid filled spherical be fluorescent, iridescent, bioluminescent, incandescetit, 
cavities and embedded in an elastomer medium. The rotating uhraviolet, infiaied, or may include a wavelemgth specific 
elements may be made to exhibit changes in optical prop- radiation absorbing or emitting material Th.3re may be 
erties by the imposition of an external electric field. Upon multiple layers of electrically modulated material. Different 
application of an electric field of a given polarity, one 4o layers or regions of the electrically modulated raaterial may 
segment of a rotating element rotates toward, and is visible have different properties or colors. Moreover, tlie character- 
by an observer of the display. Application of an electric fidd istics of the various layers may be different from each other, 
ofopposite polarity, causes the element to rotate and expose For example, one layer can be used to vievr or display 
a second, different segment to the observer. A gyricon information in the visible light range, while a ]>econd layer 
display mamtains a given configuration until an electric field 45 responds to or emits ultraviolet light. The non\ isible layers 
is actively applied to the display assembly. Gyricon mate- may alternatively be constructed of nonelectrically modu- 
rials are disclosed in U.S. Pat. Nos. 6,147,791, 4,126,854 lated material based materials that have the previously listed 
and 6,055,091 , the contents of which are herein incorporated radiation absorbing or emitting characteristics. The electri- 
by reference. cally modulated materia] employed in cormeclion with the 

Accordmg to one practice, the microcapsules may be so present invention preferably has the characteristic that it 
filled with electrically charged white particles in a black or does not require power to maintam display of indicia, 
colored dye. Examples of electrically modulated material The most preferred electrically modulated material is a 
suitable for use with the present invention are set forth in light modulating material, such as a liquid crystalline mate- 
International Patent Application Publication Number WO rial. The liquid crystalline material can be one of many 
98/41899, International Patent Application Pubhcation 55 different liquid crystal phases such as; nematic (N), chiral 
Number WO 98/19208, International Patent Application nematic (N*), or smectic, depending upon the arrangement 
Publication Number WO 98/03896, and International Patent of the molecules in the mesophase. Chiral m?matic liquid 
Application Publication Number WO 98/41898, the contents crystal (N*LC) displays are preferably reflective, that is, no 
of which are herein mcorporated by reference. backlight is needed, and can fimction withoirt the use of 

The electrically modulated material may also include 60 polarizing fihns or a color filter, 

materia] disclosed in U.S. Pat. No. 6,025,896, the contents Chiral nematic liquid crystal refers to the type of liquid 

of which are incorporated herein by reference. This material crystal having finer pitch than that of twisted nematic and 

comprises charged particles in a liquid dispersion medium super twisted nematic used in commonly encountered liquid 

encapsulated in a large number of microcapsules. The crystal devices. Chiral nematic liquid crystals are so named 

charged particles can have different types of color and 65 because such liquid crystal formulations are commonly 

charge polarity. For example white positively charged par- obtained by addii^ chiral agents to host nematic liquid 

tides can be en^toyed along with black negatively chained crystals. Chiral nematic liquid crystals m^- be used to 
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99. Samsung has been and is infiringing the '197 patent by making, using, 

ij 

selling, offering for sale, and/or importing in "or mto the United States, without authority, 

i 

products that fall within the scope of one or more claims of the * 197 patent, including but 
not limited to Samsung products bearing flat panel displays such as the Samsung netbook 
NP-N3 10-KA04US and notebook X460-41 S j 

100. Samsung has been and is continuing to induce infringement of the '197 
patent under 35 U.S.C. § 271(b) and contritjutes to the infringement of the '197 patent 

under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 

ii 

sale, and/or importing in or into the United iStates, without authority, products that fall 

i 

within the scope of one or more claims of the *197 patent. The infringing 

instrumentalities have no substantial non-infringing uses. 

'I 

101. Samsung had and continues to have actual knowledge of the '197 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 

engaged in the infringing conduct. Samsung's infringement of the '197 patent v/as and 

i 

continues to be willful. 

102. As a direct and proximate result of Samsung's acts of patent infringement, 

ITRI has been and continues to be injured and has sustained and will continue to sustain 

i 

substantial damages. i 

ii 

103. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '197 patent, ITRI will suffer additional irreparable hairm and 
impairment of the value of its patent rights. 

104. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
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produce bistable or multi-stable displays. These devices wherein X and Z, which may be identical or different, are in 

have significantly reduced power consumption due to their each case, independently firom one another, a biA'alent radi- 

nonvolatile "memory" characteristic. Since such displays do cal from the group formed by -Phe-, -Cyc-, -Phe-Phe-, 

not require a continuous driving circuit to maintain an -Phe-Cyc-, -Cyc-Cyc-, -Pyr-, -Dio-, — B-Phe- and — B- 

unage, they consume significantly reduced power. Chiral 5 Cyc-, wherein Phe is unsubstituted or fluorine-substituted 

nematic displays are bistable in the absence of a field, the 1 ,4«phenylene, Cyc is trans-1 ,4-cyclohexylene or 1 ,4-cyclo- 

two stable textures are the reflective planar texture and the hexenylene, Pyr is pyrimidine-2,5-diyl or pyridiiie-2,5-diyl, 

weakly scattering focal conic texture. In the planar texture, Dio is l,3-dioxaue-2,5-diyl, and B is 2-(trans-l,4'-cyclo- 

the helical axes of the chiral nematic liquid crystal mol- hexyl)ethyl, pyrimidine-2,5-diyI, pyridine-2,5-diyI or 1,3- 

ecules are substantially perpendicular to the substrate upon 10 dioxane-2,5-diyl. Y in these compounds is selected from the 

which the liquid crystal is disposed. In Ac focal conic state following bivalent groups — CH=CH-— , -- C=C~, 

the helical axes of the liquid crystal molecules are generally ^ — N=N(0)— — CH=CY'— , — CH— N(0>— . — CH2— 

randomly oriented. Adjusting the concentration of chiral CH2 — , — CO O , CH2— O— —CO S 

dopants in the chiral nematic material modulates the pitch _CH2^-S— , — COO-Phe-COO— or a single bond, with 

length of the mesophase and, thus, the wavelength of is V being halogen, preferably chlorine, or— CN. R' and R" 

radiation reflected. Chiral nematic materials that reflect are, in each case, independently of one ano^iier, alkyl, 

infrared radiation and ultraviolet have been used for pur- alkenyl, alkoxy, alkenyloxy, alkanoyioxy, alkoxycarbonyl or 

poses of scientific study. Commercial displays are most alkoxycarbonyloxy with 1 to 18, preferably 1 to 12 C atoms, 

often fabricated from chiral nematic materials that reflect or alternatively one of R' and R" is — F, — CF:i, — OCFs' 

visible light. Some known LCD devices include chemically 20 —CI, — NCS or — CN. In most of these compounds R' and 

etched, transparent, conductive layers overlying a glass R' are, in each case, indqjendently of each another alkyl 

substrate as described m U.S. Pat. No. No. 5,667,853, alkenyl or alkoxy with different cham length, wherrin the 

mcoiporated herein by reference. Suitable chiral nematic sum of C atoms in nematic media generally is between 2 and 

liquid crystal compositions preferably have a positive 9, preferably between 2 and 7. The nematic liciuid crystal 

dielectric anisoliopy and include chiral material in an 25 phases typically consist of 2 to 20, preferably 2 to 15 

amount effective to form focal conic and twisted planar components. The above list of materials is not intended to be 

textures. CWral nematic liquid crystal materials axe pre- exhaustive or limiting. The lists disclose a variety of lepie- 

ferred because of their excellent reflective characteristics, sentative materials suitable for use or mixtiLtes, whidi 

bistability and gray scale memory. comprise the active element in light modulating liquid 

Modem chiral nematic liquid crystal materials usually 30 crystal compositions. Chiral nematic liquid crystal materials 

mclude at least one nematic host combined with a chiral and cells, as well as polymer stabilized chiral neaaatic liquid 

dopant. Jn general, the nematic liquid crystal phase is crystals and cells, are well known in the art and described in, 

composed of one or more mesogenic components combined for example, U.S. patent application Scr. Nos. "[17/969,093,' 

to provide useful composite properties. The nematic com- 08/057,662, Yang et al., Appl. Phys. Lett. 60(25) pp 3 1 02-04 

ponent of the chiral nematic liquid crystal mixture may be 35 (1992), Yang et al., J. Appl. Phys. 76(2) pp 13.31 (1994), 

comprised of any suitable nematic liquid crystal mixture or published International Patent Application No. PCTAJS92/ 

composition having appropriate liquid crystal characteris- 09367, and published International Patent Application No 

tics. Nematic liquid crystals suitable for use in the present PCT/US92/03504, all of which are incorporated herein by 

invention are preferably composed of compounds of low reference. 

molecular weight selected friom nematic or nematogenic 40 Suitable commercial nematic liquid crystals mclude, for 

substances, for example from the known classes of the example, E7, E44, E48, E31, E80, BL087, ELlOl, ZLI- 

azoxybenzenes, benzylideneanilines, biphenyls, terphenyls, 3308, ZU-3273, ZLI-5048-000, ZLI-5049-100, ZU-5100- 

phenyl or cyclohexyl benzoates, phenyl or cyclohexyl esters 100, ZLI-SSOO-OOO, MLC-6041-100. TL202, TL.203, TL204 

of cyclohexanecarboxylic add, phenyl or cyclohexyl esters and TL205 manufactured by E. Mei^k (E>arrastadt, Ger- 

of cyclohexylbenzoic acid, phenyl or cyclohexyl esters of 45 many). Although nematic liquid crystals having positive 

cyclohexylcyclohexanecarboxylic add, cydohexylphenyl dielectric anisotropy, and especially cyanobiphenyls, are 

esters of benzoic add, of cyclohexanecarboxylic add and of preferred, virtually any nematic liquid crystal known in the 

cyclohexylcyclohexanecarboxylic add, phenyl cyclohex- art, including those having negative dielectri<; anisotropy 

anes, cyclohexylbiphenyls, phenyl cyclohexylcydohexanes, should be suitable for use in the invention. Oher nematic 

cyclohexylcydohexanes, cydohexylcyclohexenes, cyclo- so materials may also be suitable for use in the present inven- 

hexylcydohexylcydohexenes, l,4-bis-cydohexylben2enes, tion as would be appreciated by those skilled i n the art 

4,4-bis^^clohexylbiphenyls, phenyl- or cyclohei^lpyrim- The chiral dopant added to the nematic mixture to induce 

idmes, phenyl- or cyclohexylpyridines, phenyl- or cyclo- the helical twisting of the mesophase, theiei)y allowing 

hexylpyndazines, phenyl- or cyclohexyldioxanes, phenyl- reflection of visible light, can be of any useliil structural 

or cyclohexyl- 1,3-dithianes, 1,2-diphenylethanes, l,2^icy- 55 class. The choice of dopant depends upon se^'eral charac- 

dohexylethanes, l-phenyl-2-cydohexylethanes, l-cyclo- teristics including among others its chemical wmpatibility 

hexyl-2-(4-phenylcydohexyl)elhanes, l-cycIohexyl-2",2-bi- with the nematic host, hdical twisting power, temperature 

ph«iylethanes, l-phenyl-2-cyclohexylphenylethanes, sensitivity, and hght fastness. Many chiral dopa:at classes are 

opUonally halogenated stilbenes, benzyl phenyl ethers, known in the art: for example, G. Gottardli and G. Spada, 

tolanes, substituted cinnamic acids and esters, and further 60 Mol Cryst. Liq. Crys., 123, 377 (1985), G. Spada and G 

classes of nematic or nematogenic substances. The 1,4- Proni, Enantiomer. 3, 301 (1998) and references therein! 

phenylene groups in these compounds may also be laterally Typical well known dopant classes include 1 , 1 -binaphthol 

mono- or difluorinated. The liquid crystalline material of this derivatives, isosorbide and similar isomannide esters as 

preferred embodiment is based on the achkal compounds of disdosed in U.S. Pat. No. 6,217,792, TADDOL derivatives 

this type. The most important compounds, that are possible 65 as disclosed in U.S. Pat. No. 6,099,751, and the pending 

as components of these liquid crystalline materials, can be spiroindanes esters as disclosed in U.S. pateii.t application 

characterized by tiie following fonnulaR'—X—Y—Z--R" Ser.No. 10/651,692byT. Welter etal., filed Aug 29 2003 
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titled "Chiral Compounds And Compositions Containing copolymers, and homopolymer or copolymers containing 

The Same," hereby incoiporated by reference. styrene sulfonic acid. Gelatin is preferred. 

The pitch length of the liquid crystal materials may be Gelatin is derived firom a material called collagen. Col- 
adjusted based upon the following equation (1): '^8^ ^ content of glycine and of the imtno acids 

5 proline and hydroxyproline. It has a triple heli?: structure 

>w-n.vPo made up of three parallel chains. When collagen in water is 

heated above a certain tem|ierature, it will denatJite to form 

where is the peak reflection wavelength, that is, the gelatin. Concentrated gelatin solutions form rigjcl gels when 

wavelength at which reflectance is a maximum, n„^ is the cooled. This phenomenon is known as sol-gel tiansition or 

average index of refraction of the liquid crystal material, and lo thermal gelation and is the result of secondary bonding, such 

Po is the natural pitch length of the chiral nematic helix. as hydrogen bonding, betweengelatin molecules in solution. 

Definitions of chiral nematic helix and pitch length and It should be noted that this property is not limite^l to gelotui; 

methods of its measurement, are known to those skilled in for example, aqueous solutions of agar, a polysacchaiide 

the art such as can be found in the book, Blinov, L. M,, from seaweed, will also form rigid gels upon cooling. Partial 

Electro-optical and Magneto-Optical Properties of Liquid 15 renaturation of gelatin also occurs upon cooling. The latter 

Crystals, John Wiley & Sons Ltd. 1983. The pitch lengtii is refers to the formation of triple helix collager.-like stnic- 

modifled by at^usting tiie concmtration of the chiral mate- tures. The structures do not form if gelatin is not chill set 

rial in the liquid crystal material. For most concratFations of prior to diymg. In other words, molecules of ge latin remain 

chiral dopants, the pitch length induced by the dopant is in a random coil configuration if the coating is dried at a 

inversely proportional to the concentration of the dopant. 20 temperature that is above the sol-gel transition temperature. 

The proportionality constant is given by the following The presence of helix structures may be detected by x-ray 

equation (2): difliraction. Chill set gelatin containing molecule in a helix 

configuration has relatively low solubility in col.d water and 

Pc=yiBTP.c) oiganic solvents compared to the random coil jjelatin. This 

, , ^. ^ ^ I.- t J * J • 25 property enables chill set gelatin to be an efife'Ctive barrier 

where c is the concentmtion of the chiral dopant and HTP is ^^^^ ^ ^^^^^^ conductive inks and 

the proportionality constant. ^ modulating material. 

For some applications, it is desired to have liquid crystal usefal "gelatins," as that term is used generically herein, 
mixtures that exhibit a strong helical twist and thereby a include alkali treated gelatin (cattle bone or hide gelatin), 
short pitch length. For example in liquid crystallme mixtures acid treated gelatin (pigskin gelatin), fish skin gelatin and 
tiiat are used in selectively reflecting chiral nematic displays, gelatin derivatives such as acetylated gelatm, ac.d phflialated 
tile pitch has to be selected such tiiat the maximum of the gelatin. Any type of gelatm may be used, provided the 
wavelengtii reflected by tiie chu-al nematic helix is in tile gelatin has sufficient molecular wei^t to allow tiie 
range of visible Ught. Otiier possible appKcations are poly- crosslinker to crosslink or the fixative to fix or set. Fish 
mer fihns witii a chiral liquid crystalline phase for optical 35 gdatins have lower imino acid content compared to mam- 
elements, such as chiral nematic broadband polarizers, filter malian gelatins. The sol-gel transition tempeniture or ther- 
arrays, or chiral liquid crystalline retardation films. Among mal gelation temperature or chill set temperature is tower if 
tiiese are active and passive optical elements or color filters the imino acid content is smaller. For example, the chill set 
and liquid crystal displays, for example STN, TN, AMD- temperature of gelatins derived from deep water fish such as 
TN, temperature compensation, polymer free or polymer 40 cod, haddock or pollock is significantly lowej- tb&n that of 
stabilized chiral nematic texmre (PFCT, PSCT) displays, cattle gelatin. Aqueous solutions of these gelatins remain 
Possible display industry applications include ultralight, fluid until about 10* C. whereas solutions of catfle gelatin 
flexible, and inexpensive displays for notebook and desktop gel at room temperatire. aher hydrophilic colloids that 
computers, instrument panels, video game machines, video- can be utilized alone or in combination with gelatin include 
phones, mobile phones, hand held PCs, PDAs, e-books, 45 dextran, gum arable, zein, casein, pectin, collagen deriva- 
camcorders, satellite navigation systems, store and super- tives, collodion, agar-agar, anowroot, albumin, and tiie like, 
maricet pricing systems, highway signs, informational dis- still other useful hyd&jphilic colloids are ^vater soluble 
plays, smart canis, toys, and other electronic devices. polyvinyl compounds such as polyvinyl alcoliol, polyacry- 

The liquid crystalline droplets or domains are typically lamide, poly(vinylpyrrolidone), and the like. Usefiil liquid 

dispersed in a continuous binder. In one embodiment, a so crystal to gelatin ratios should be between <5:1 and 0.5:1 

clural nematic liquid crystal composition may be dispersed liquid crystal to gelatin, preferably 3:1 . 

in a continuous polymeric matrix. Such materials are Other oiganic binders such as polyvinyl alcohol (PVA) or 

referred to as "polymer dispersed liquid crystal" materials or polyetitylene oxide (PEO) can be used as minor ooinponents 

"PDLC" materials. Suitable hydrophilic binders include of tine binder in addition to gelatin. Such compounds are 

both naturally occurring substances such as proteins, protein S5 preferably machine coatable on equipment associated with 

derivatives, cellulose derivatives (for example cellulose photographic films. 

esters), gelatins and gelatin derivatives, polysaccabarides, It is desirable that tiie binder has a low ionic content. The 

casdn, and the like, and synthetic water permeable colloids presence of ions in such a binder hincters the development of 

such as poly (vinyl lactams), acrylamide polymers, latex, an electrical field across tte dispersed liquid aystal material. 

poly(vinyl alcohol) and its derivatives, hydrolyzed polyvinyl 60 Additionally, ions in the binder can migrate in tiie presence 

acetates, polymers of alky] and sulfoalkyl acrylates and of anelectrical field, chemically damagmg tiie light modu- 

metiiacxylates, polyamides, polyvinyl pyridine, acrylic acid lating layer. The coating thidaiess, size of the liquid crystal 

polymers, maldc anhydride copolymers, polyalkylene domains, and concentration ofthe domains of liquid crystal 

oxide, methacrylamide copolymers, polyvinyl oxazolidino- materials are designed for optimum optical pr:>perties. Here- 

nes, maleic acid copolymers, vinyl amine copolymers, meth- 65 tofore, the dispersion of liquid crystals is pea*fomied using 

acrylic acid copolymos, aciyloyloxyalky] aciylate and shear mills or other mechanical separating jneans to form 

metiiactylates, viayl imidazole copolymers, vinyl sulfide domams of liquid crystal wifliin light modulating layer. 



Case 4:09-cv-041 1 0-HFB Document 1 0-5 Filed 1 1/05/09 Page 20 of 30 



US 7,387,858 B2 

13 14 

A conveational surfactant can be added to the emulsion to polyol reaction product consisting of 1 anhydroglnicose unit: 

improve coating of the layer. Surfactants can be of conven- 2 glyoxal units (SEQUAREZ® 755 obtaiaed i'mm Sequa 

tional design, and axe provided at a concentration that Chemicals, IncO> DME-Melamine non-fonnaldehyde resins 

corresponds to the critical micelle concentration (CMC) of such as Sequa CPD3046-76 obtained from Sequa Chemicals 

the solution. A preferred surfactant is Aerosol OT, commer- 5 Inc., and 2,3-dihydroi(y-l,4-dioxane (DHD). Thus, harden- 

cially available from Cytec Industries, Inc. ers that contain active olefinic functional groups include, for 

In a preferred embodiment, the liquid crystal and gelatin example, bis-(vinylsulfonyl)-methane (BVSM), bis-(vinyl- 
emulsion are coated and dried to optimize the optical sulfonyl-metibiyl) ether (BVSME), 1 ,3,5-triacryloylheJcahy- 
propertiesof thelightmodulatinglayer.Inoneembodiment, dro-s-triazine, and the like. In the context of the present 
the layer is coated to provide a final coating containing a lo invention, active olefinic compounds are defined as corn- 
substantial monolayer of N*LC domains. The term "sub- pounds having two or more olefinic bonds, especially unsub- 
stantial monolayer" is defined by the Applicants to mean stituted vinyl groups, activated by adjacent elmron with- 
that, in a direction perpendicular to the plane of the display, drawing groups (The Theory of the Photograp hic Process, 
there is no more than a single layer of domains sandwiched 4th Edition, T. H. James, 1977, Macmillan Publishing Co., 
between the electrodes over 90% of the area of the display is page 82). Other examples of hardening agents can be found 
(or the imaging layer). in standard references such as The Theory oi' the Photo- 

The amount of material needed for a monolayo* can be graphic Process, T. H. James, Macmillan Publishing Co., 

determined by calculation based on individual domain size. Inc. (New York 1977) or in Research Disclosure, September 

Furthermore, improved viewing angle and broadband fea- 1996, Vol. 389, Part IIB (Hardeners) or in Reseeirch Disclo- 

tures may be obtained by appropriate choice of differently 20 sure, September 1994, Vol. 365, Item 36544, Part IIB 

doped domains based on the geometry of tfie coated droplet (Hardeners). Research Disclosure is published by Kenneth 

and the Bragg reflection condition. Mason Publications, Ltd., Dudley House, 12 Nordi St., 

The addition of a bacteriostat prevents gelatin degradation fonsworfh, Hampshire POlO 7DQ, England. Olefinic hard- 

during emulsion storage and during material operation. The eners are most preferred, as disclosed in U. 3. Pat Nos. 

gelatin concentration in the emulsion when coated is pref- 25 3,689,274, 2,994,611, 3,642,486, 3,490,911,, 3,635,718, 

erably between about 2 and 20 weight percent based on the 3,640,720, 2,992,109, 3,232,763, and 3,360,372, 

weight of the emulsion. In the final emulsion, the liquid Among hardeners of the active olefin type, a preferred 

crystal material may be disposed at 15% concentration in a class of hardeners particularly are compounds comprising 

5% gelatin aqueous solution. two or more vinyl sulfonyl groups. These compounds are 

A crosslinkiDg agent or hardener may be used to preserve 30 hereinafter referred to as *'vinyl sulfones". Compounds of 

the architecture of the close-packed monolayer of coated this type are described in numerous patents iacluding, for 

droplets after it has been formed by self-assembly. Other example, U.S. Pat. Nos. 3,490,911, 3,642,486, 3,841,872 

mefliods of fixing the architecture ofthe close-packed mono- and 4,171,976. \^yl sulfone hardeners are believed to be 

layer of domains may also be used, although crosslinking is effective as hardeners as a result of tiieir ability' to crosslink 

preferred. The efifects of the crosslinker may be character- 35 polymers making up the colloid. 

ized based on the reaction of certain amino acid residues in The liquid crystalline droplets or domains m ay be formed 

gelatin. For example, the amount of histadine is typically by any method, known to those of skiH in the ait, which will 

reduced fiom about 4 residues per 1000 to less fiian 2.5 allow control of the domain size. For example, Ooane et al, 

residues per 1000 upon cross-linking. Also the amount of (Applied Physics Letters, 48, 269 (1986)) disclose a PDLC 

hydroxylysine is reduced from about 6.9 residues per 1000 40 comprising approximately 0.4 |jm droplets of nematic liquid 

to less than 5.1 residues per 1000. Mar^ conventional crystal SCBina polymer binder.Aphase separation method 

hardeners are known to crosslink gelatin. Gelatin crosslink- is used for preparing the PDLC. 

ing agents (i.e., the hardener) are included in an amount of A solution containing monomer and liquid ciystal is filled 

at least about 0.01 wt. % and preferably from about 0.1 to in a display cell and the material is then polyrierized. Upon 

about 10 wt.% based on the weight ofthe solid dried gelatin 45 polymCTization the liquid crystal becomes itamiscible and 

material used (by dried gelatin it is meant substantially diy nucleates to form droplets. West et al. (Applied Physics 

gelatin at ambient conditions as for example obtained firom Letters 63, 1471 (1993)) disclose a PDLC comprising a 

Eastman Gel Co., as compared to swollen gelatin), and more chiral nematic mixture in a polymer binder. Once again a 

preferably in the amount of from about 1 to about 5 perc^t phase separation method is used for preparing the PDLC. 

by weight. More than one gelatin crosslinking agent can be 50 The liquid crystal material and polymer (a .aydroxy fimc- 

used if desired Suitable hardeners may include inorganic, tionalizedpolymethylmethaciylate) along with a crosslinker 

org^c hardeners, such as alddiyde hardeners and olefinic for the polymer are dissolved in a common crganic solvent 

hardeners. Inorganic hardeners include compounds such as toluene and coated on an indium tin oxide (ITO) substrate, 

aluminum salts, especially the sulfate, potassium and ammo- A dispersion of the liquid crystal material in the polymer 

nium alums, ammonium zirconium carbonate, chromium 5S binder is formed upon evaporation of toluene at high tem- 

salts such as chromium sulfate and chromium alum, and perature. The phase separation methods of Doane et al. and 

salts of titanium dioxide, and zirconium dioxide. Represen- West et al. require the use of organic solvecls that may be 

tative organic hardeners or gelatin crosslinking agents may objectionable in certain manufecturing enviiomnents. 

include aldehyde and related compounds, pyridinimns, ole- In a preferred embodiment, a method referred to as 

fins, carbodiimides, and epoxides. Thus, suitable aldehyde 60 "limited coalescence" is used to form uniformly sized emul- 

hardeners include formaldehyde and compounds that con- sions of liquid crystalline material. For example, the liquid 

tain two or more aldehyde fimctional groups such as glyoxal, crystal material can be homogenized in tlie presence of 

gluteialdehyde and tlie like. Otiier preferred hardeners finely divided silica, a coalescence limiting material, such as 

mclude compounds that contain blodced aldehyde ftmc- LUDOX® from DuPont Corporadon. A picmoter material 

tional groups such as aldehydes of ttie type tetrahydn)-4- 6s can be added to the aqueous bath to drive the colloidal 

hydroxy-5-me%1.2(lH)-pyrimidin0ne polymers (Sequa particles to the Hquid-liquidinterfece. In a preferred mbodi- 

SUNREZ® 700), polymers of the type havii^ a ^oxal menl, a copolymer of adipic acid and 2-(metbylamino) 
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ethanol can be used as the promoting agent in the water bath. sions of the desired average diameter (by microHtJOpy), can 

The liquid crystal material can be dispersed using ultrasound be produced. This process pioduces domains oJ' a selected 

to create liquid crystal domains below 1 micron in size. average diameter. 

When the ultrasound energy is removed, the liquid crystal The resulting domains are flattened by the diying process 

material coalesces into domains of uniform size. The limited 5 j^^^^ average a thickness substantially less than their 

coalescence process is described more fully by Whitesides length, preferably at least 50% less. More preferably, the 

and Ross (J. Colloid Interface Sci. 169, 48 (1995)), by domains on average have a thickness (depth) to length ratio 

Gietmanska-Kahn, Schmitt, Binks and LeaK^alderon of 1:2 to 1:10. 

(Langmuir, 18. 2515 (2002)), and U.S. Pat. No. 6,556,262, por optimal perfennance one requires a monolayer of 

all incorporated herein by reference. coated droplets having a close-packed structure of uniform 

The distribution of droplet sizes is such that the coefficient thickness. Calculations by Yang and Mi (J. Ph^-s;. D: Appl. 

of variation (cv) defined as the standard deviation of the Phys. Vol. 33, page 672, 2000) have shown that for a chiral 

distribution divided by the arithmetic mean is less than 0.25, nematic liquid crystalline material of a given handedness, 

preferably less than 0.2 and most pcefexably less than 0.15. 15 maximum reflectance is obtained if the thickness of the 

The limited coalescent materials can be coated using a chiral n«natic liquid crystal material between Ae electrodes 

photographic emulsion coating machine onto sheets of poly- is about ten times the pitch of the chiral nematic helix. For 

ester having an ITO coating with a sheet conductivity of 300 ^ green reflecting chiral nematic liquid crystal material with 

ohms per square. The coating can be dried to provide a X^a^rOf 550 nm and n^^, of 1.6 the pitch is 344 nm. Therefore, 

polymerically dispersed cholesteric coating. By using lim- 20 majdmum reflectance is obtained for a 3.4 limtliick layer of 

ited coalescence, there are few, if any, parasitic smaller iWs material. For chiral nematic liquid crystal materials that 

domains (havuag undesirable electro-optical properties) reflect in the red and near infrared portions of tlie spectrum, 

within the dried coatmgs. the pitch and therefore the thickness of the coated layer 

Thesizerangesofdomainsinthedriedcoatingarevaried needed for majdmum reflectance will be somewhat hi^^^ 

as the mixture dries and the domains flatten. In one embodi- 25 ^'l^*^ ^ Jese cases a ttttckness of about 5 pm is 

ment, the resulting domains are flattened by the drying sufficient, jf the refractive mdex is close to L6. In other 

process and have on average a thickness substantially less increasing the thickness of the layer beyond this does 

Aan fliear length. The flattening of the domains can be P^^'^® ^ increase in reflectance, 

achieved by proper formulation and sufficiently rapid drying I* is also well documented that the switcaing voltage 

of the coating. 30 increases linearly with thickness . Since it is desirable to have 

Preferably, the domains are flattened spheres and have on lowest possible switching voltage, a uniform thickness 

average a thickness substantially less than thdr length, f ^^"^ ^ 'I "J^^^ preferred for the coated layer of 

preferably at least 50% less. More preferably, the domains droplets provided the droplets have a dose-packed struc- 

on average have a thickness (depth) to length ratio of 1 :2 to ^^'^^^ conditions, monodisperse droplets of the 

1 :6. The flattening of the domains can be achieved by proper 35 ^^ght modulatrng matenal will spontaneously i^elf-assemble 

formulation and sufficiently rapid drying of the coating. The £J « ^^^^^^ ^^o a hexagonal close-packed (H(:P) structure, 

domains preferably have an average diameter of 2 to 30 ^« P^^^* '^^'^ ^ ^• 

microns. The imaging layer preferably has a thickness of 10 (Nature, vol. 361 , p. 26, 1993). When an aqueous suspension 

to 150 microns when first coated and 2 to 20 micruns when ^^^^^ ^^'^f «^ ^ ^le droplets imtially 

dried. Most preferably the imaging layer or light modulating 40 f f «me a random, disordered or uncorrelatec distribution, 

layer has a thickness between 2 to 6 micitjns, particulariy if However as a funchon of diymg when the le^vel of water 

the light modulating material is a chiral nematic liquid f"""^ ^« *H°P»^' t^'f ^ f ^""S attractive 

crystal. known as the capillary force that drives the droplets 

^ a ^ , , . ^ , ... , into a close-packed ordered or correlated structure. The 

A 2^!i 1? • ^"^'"^^^ ^'^^\ ^ 45 attractive eneJgy of the capillary force is much greater than 

defmed as having a major axis and a mirior axis In a ^^^^ importa.it tiiat lateml 

preferred embodiment of a display or display shee^, the of droplets is not impeded by a strong attraction 

major axis ,s larger m size Ui^ the cell (or imagmg layer ^ £ increase^scosity of the medium 

th^ctoessforan^jontyoftiiedomam^^^ in which they are suspended. The latter woJld happen if the 

relationship is shown m U.S. Pat. No. 6,061,107, hereby ui^^^^ ^^.a u.««. •« 

incorporate by reference in its entirety. ^ 50 bmder^s^tm and the coated 

In as. Pat. No. 3,60^060 incoi^^ i^fer- ^^^^^^^^ close-packed structure in two dimen- 

ence,thedomainsofthedbedhghtmodulatingmate^ ^^^^ ^ distribution of droplets, is 

pamcle size varymg m diameter by a ratio of 10:1. This ^^^^^^ ^^^^^ ^ two-dimensional crystallization 

creat^ large domains and smaller parasitic domams. Para- 53 ^^^^^ ^ monodisperse population of droplets or a 

sitic domams have reduced characteristics when compared ^ j^^^ low polydispersity (Kuma- 

with optimized l^er domams Ue reduced characteristics ^hevaetal. Physical Review ^ers 91, .age 1283010- 

mclude reduced bnghtoess mid if the pa^ domains are ^ ^003). A population of droplets of ligk modulating 

sm^enough dmimished bistability of the cholestenc liquid ^naterial having sufficiently low polydispeiSity to create a 

^ ' 50 close-packed structure may be achieved by the limited 

The dispersed domains have an average diameter of 2 to coalescence process. The close-packed structure is readily 

30 microns, preferably 5 to 15 microns. The domams are observable under an optical microscope. Furthermore, the 

dispersed m an aqueous suspensioa The size ranges for the close-packed strucnire has a repeat pattern or periodicity 

dried coating are vaned as the mixture dries and the domains wherein the repeat distance is of the order of the wavelengdi 

65 of visible light. A coating having such a pattern exhibits 

varying the amount of silica and copolymer relative to Fraunhofer difiraction when placed before a source of 

tihe Uquid crystalluoie material, uniform domain size emul> visible light such as a visible li^ laser. The phaiomenon of 
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Frauuhoferdifliactioii is described more ftiUy by Lisensky et protective overcoat 105 is composed of polymer in a helix 

al. Jouznal of Chemical Education, vol. 6S, February 1991. configuration. The second electrode 106 comprises screen 

For perfectly monodisperse droplets (cv less than 0.1), a printed carbon conductive ink. 

hexagonal close-packed (HCP) structure is obtained. The ^^^^^^^ preferred embodiment of the displiay device, 

diffraction pattern for such a structure is m the form of spots. 5 ^^^^^ comprises a clear flexible support IDl with 

If there is a minor level of polydispersity (cv between 0.1 ^ ^.j^^ conducting layer 102. The imaging laj er or light 

and0.2),thediffiactionpattemoftheclosc^kedslnicture j^odulating layer (layer 1) contains a close-packed mono- 

is in the form of a smgle ring or a set of concaitnc rmgs. j droplets of the light modulating material 104 along 

-Uie close-packed monolayer structure of coated droplets ^.^j^ crosslinked binder 103 in a random coil cactfigurdtion. 

may be preserved by fixing or crosslinking the binder. Tlus lo ^ protective overcoat 107 is composed of polym er in a helix 

allows a second aqueous layer to be coated above the layer configuration and dispersed carbon black for improved 

containing the light modulating material without disturbing ^^^^^^ j^e second electrode 108 comprises screen printed 

the close-packed organization. In a prefwred embodiment, g^j^gj. conductive ink. 

tiie second layer functions as a protective overcoat for the , ^ \ 

. : " , * • 1 ,c In addition to binder and hardener, liquid crystal layers 

jjte . ta>ad band .^..e^ rf^ wh^K for S;^^ ^M^l^ra '^^^^^ 

black and white operation of polymer dispersed cholestenc v % i - * * . *i: i ♦ i ^i, • ♦u « -ui 

LC displays. IMs is acWevedby doping theLC witha UV ^J°^T^^'' at tte lowest wavdengtte m tl«™.be 
c«rablepolymerwhi.hdistribut«thehdicalaxesoftheLC 20 T^T' ">?™* i^"*^?^ 

to allow for reflection at maiflr wavelengths. THe high 

contrast reflective display of this embodiiat utilizes at "^""f'y ^-bsorbing the imm body of reflected I,^t. 

leastoneelectromcaUymidulatedimagiaglayercomprising ^ ""'"■^'^ .P'B"*"'^- ^ 

a chiral nematic Uqdd crystal light m^lating .^terial componen^, wind, may cause 

having positive dielectric anisoU^y and a piteh length 25 tohd'<yof cok,rmtecote4splaypa^ 

effect^ to reflect light of apprexiiy 600 .ii and a UV f^"" "f <=^^ " "^.5^ m"*^*, a 

curable polymer. Z chiJi»na«ic Uqnid crystal Bgbt hanspatencym the tradspar«t state of toe lydc^rstal^ 
modulaa«^^ andflieUVcurablepdynJcoope^e <^ ""P'"™ <^splay quality. Two or more of 

to form fola conic te«wes and twisted plaTtextnrS that *^ components m the lt*"d <l«play ^ contan a 

arestableintheabsenceofafield.raetwistedplanartexft,re M colonng agent. For atample,boft the p^imd the hq^^ 

i, Ugto reflecting and appears substantiaHy wMe, while the "^f ^ ^^l^"^"- ' 

fecdconic uZe is ^ scattering. This w^aldy scat- f which .b«»bs rays m a nutge «£ jh^^'Tf: 

tering fecal conic lextum appear L the same cilor as lengte ton the selectiye reflection wavelength orthehqaid 
surrounding layers, if the surrounding layers are colored. For 

example, the weakly scattering focal conic texttire may 35 Any amount of cobrant may be used, provided that 
appear as the same color as the rearmost surface of Ihe addition of tiie colorant does not remarkably impair the 
display or a color contrast lay« located behind tiie rearmost switching characteristics of tiie liquid crystal material for 
surfece, wherein said focal conic texture appears substan- display. In addition, if tiie polymeric binder is formed by 
tially tiie same color as a color contrast layer located to the polymerization, the addition does not inhibit the polymer- 
rear of tiie LC layer. It should be noted that "rearmost" is 40 ization. An exemplary amount of colorant is from at least 0.1 
deteimined as being fiiriher away from flie point of viewing weight % to 5 weight % of tiie liquid crystal material, 
of the display, typically, further away from the transparent In a prefened. embodiment, the colorants, preferably 
support. In a black and white display, tiie rearmost layor or absorber dyes, are incorporated directly in the chiral nematic 
color contrast %er is black. liquid crystal materials. Any colorants diat are :tiuscible with 

The material used to form the UV curable polymer 45 the cholestenc liquid crystal materials are iDsefal for this 

networks is soluble with the chiral nematic liquid crystal and purpose. Most preferred are colorants tijat are readily soluble 

phase separatees upon polymerization to form phase sepu- in toluene. By readily soluble is meant a solubility greater 

rated polymer domains. Suitable UV curable polymer mate- than 1 gram per liter, more preferably greater than 1 0 grams 

rials may be selected &om UV (ultra violet) curable, tiier- per liter and most preferably greater tiian 100 ijrams per liter, 

moplastic and thennosetting polymers, including polymers 50 Toluene soluble dyes most compatible with iJie cholestenc 

formed from monomers having at least two polymerizable liquid crystal materials are anthraquinone dyes such as 

cbuble bonds so as to be cross-linkable, polymetiiyl- SandoplastBhie 2B fiomClariant Corporation, phthalocya- 

methacrylates, bisacrylates, hydroxyfiinctionalized poly- nine dyes such as Savinyl Blue GLS from Oariant Corpo- 

methacrylates and epoxy systems to name a few. The mtion or Neozapon Blue 807 from BASF Corporation, 

amount of UV curable polymer to be used depends upon the 55 methine dyes such as Sandoplast Yellow 3G from Clariant 

UV curable polymer. Usefiilresuhs have been obtained with Corporation or metal complex dyes such as Neozapon 

UV curable polymer contents ranging from about 1.5 to Yellow 157, Neozapon Orange 251, Neozapon Green 975, 

about 40% depending upon the UV curable polymer. For Neozapon Blue 807 or Neozapon Red 365 from BASF 

black and white display units, it has been found that optimal Corporation. Other colorants are Neopen Bhie 808, Neopen 

results are obtained when the UV curable polymer content of 60 Yellow 075, Sudan Orange 220 or Sudan Blue 670 from 

tiie liquid crystal material is about 3%. BASF Corporation. Other types of colorants may include 

A preferred embodiment of the display device shown in various kinds of dyestuff such as dyestufffor resin colorii^ 

FIG. 6 comprises a clear flexible support 101 with a clear and dichromatic dyesmff for liquid ciystiil display. The 

conducting layer 102. The imaging layer or light modulating dyestuff for resin coloring may be SPR R15D1 (manufac- 

layer (layer I) contains a close-packed monolayer of drop- 65 tured by Mitsui Toatsu Senryo Co., Ltd.). The dichromatic 

lets of the light modulating material 104 along with dyestuff for liquid crystal is specifically SI -424 or M-483 

ciosslinked binder 103 in a random coil configuration. A (boHi manu&ctured Mitsui Toatsu Senrjo Co., Ltd.). 
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Another aspect of the present iaventioa relates to a 
display sheet comprising a substrate, an electrically conduc- 
tive layer formed over the substrate, and a liquid crystal 
containing imaging layer comprising a chiral nematic mate- 
rial formed by the above described mediods disposed over 
the electrically conductive layer. 

As used herein, the phrase a "liquid crystal display** 
(LCD) is a type of flat panel display used in various 
electronic devices. At a minimum, a LCD comprises a 
substrate, at least one conductive layer and a liquid crystal 
layar. LCDs may also comprise two sheets of polarizing 
material widi a liquid crystal solution between the polarizing 
sheets. The sheets of polarizing material may comprise a 
substrate of glass or transparent plastic. The LCD may also 
include functional layers. In one embodimeait of a LCD, a 
transparent, multilayer flexible support is coated with a first 
conductive layer, which may be patterned, onto which is 
coated the li{^t modulatii^ liquid crystal layer. A second 
conductive layer is applied and oveicoated widi a dielectric 
layer to which dielectric conductive row contacts are 
attached, including via holes that permit interconnection 
between conductive layers and the dielectric conductive row 
contacts. An optional nanopigmented functional layer may 
be applied between the liquid crystal layer and the second 
conductive layer. 

The liquid crystal (LC) is used as an optical switch. The 
substrates are usually manufactured with transparent, con- 
ductive electrodes, in which electrical "driving" signals are 
coupled. The driving signals induce an electric field which 
can cause a phase change or state change in the liquid crystal 
material, thus exhibiting different light reflecting character- 
istics according to its phase and/or state. 

Qiolesteric liquid crystals are bistable at zero field and 
drive schemes may be designed based on their response to 
voltage pulses. A typical response of a bistable cholesteric or 
chiral nematic liquid crystal material to voltage pulses is 
shown in FIG. 8. The horizontal axis represents the ampli- 
tude of tile addressing voltage pulse and the vertical axis 
represents the reflectance measured after the liquid crystal 
relaxes to the stable state following application of the 
voltage pulse. The solid line is the response, when the 
material is initially in the planar state or texture, and the 
dashed line is the response, when tiie material is initially in 
the focal conic texture. In the conventional drive scheme for 
bistable cholesteric displays, the displays are addressed row 
by row. Witii reference to FIG. 8, if the row voltage VR is 
set at VR=<V3+V4)/2, then the column voltage VC has to be 
within die range V4-VR<VC<V1 for all columns in order to 
derive maximum contrast without cross-talk in a matrix or 
multiplexed display. By without cross-talk, it is meant that 
die portion of the image that has already been written on a 
muM-row displs^ device will not be altered when a new row 
is selected and addressed. From die above relationships, it 
follows that for maximum contrast without cross-talk, (V4- 
V3)/2<V1. If we define a quantity Vqm-2V1/(V4-V3), it is 
clearly desirable that Vqm is greater than or at least equal to 
1. 

The displays may employ any suitable driving schemes 
and electronics known to tiiose skilled in die art, including 
the following, all of which are incorporated herein by 
reference in their entireties: Doane, J. W., Yang, D. K., 
Front-lit Flat Panel Display from Polymer Stabilized Cho- 
lesteric Textures, Japan .Display 92, Hiroshima October 
1992; Yang, D. K, and Doane, J. W., Cholesteric Liquid 
Crystal/Polymer Gel Dispersion: Reflective Display Appli- 
cation, SID Technical Paper Digest, Vol XXIII, May ]992, 
p. 759, et sea.; U.S. patent application Ser. No. 08/390,068, 
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filed Feb. 17, 1995, entitied "Dynamic Drive Method and 
Apparatus for a Bistable Liquid Ciystal Displ^" and U.S. 
Pat. No. 5,453,863. 

A typical display in its simplest form comprises a sheet 
5 supportii^ a conventional polymer dispersed electrically 
modulated material. The sheet includes a substrate. Sub- 
strate can be made of a polymeric material, sucli as Kodak 
Estar film base formed of polyester plastic, imd have a 
thickness of between 20 and 200 microns, Fc^r example, 
substrate can be a 80 micron thick sheet of transparent 
polyester. Other polymers, such as transparent polycarbon- 
ate, can also be used. Alternatively, substrate cm be thin, 
transparent glass. 

A first conductor is formed over substrate. Firsit conductor 
can be a transparent, electrically conductive layer of tin- 
oxide or indium-tin-oxide (ITO), with ITO being the pre- 
ferred material. Typically, first conductor is sputtered onto 
the substrate to a resistance of less than 250 ohms; per square. 
Alternatively, first conductor can be an opaque electrical 
2° conductor formed of metal such as copper, aluminum or 
nickel. If first conductor is an opaque metal, the metal can 
be a metal oxide to create a light absoibing first conductor. 
A second conductor may be applied to the surface of light 
modulating imaging layer. Second conductor should have 
2^ sufficient conductivity to carry a field across light modulat- 
ing imaging layer. Second conductor can be formed in a 
vacuum environment using materials such as aluminum, tin, 
silver, platinum, carbon, tungsten, molybdenum, or indium. 

In a preferred embodiment of the invention, the display 
device or display sheet has simply a single ima Jiing layer of 
liquid crystal material along a Ime perpendicular to the face 
of the display, preferably a single layer coated on a flexible 
substrate. Such as structure, as compared to vertically 
stacked imaging layers each between opposing substrates, is 
especially advantageous for monochrome shelf labels £U3d 
tile like. Structures having stacked imaging layvsrs, however, 
are optional for providing additional advantages in some 
case. 

^ In a typical matrix-addressable light emitting display 
device^ numoxius light emitting devices are formed on a 
single substrate and arranged in groups in a regular grid 
pattern. Activation may be by rows and colunms, or in an 
active matrix with individual cathode and anode paths. 
OLEDs are often manufactured by first depositing a trans- 
parent electrode on the substrate, and patterning the same 
into electrode portions. The organic layer(s) is tiien depos- 
ited over the transparent electrode. A metallic electrode can 
be formed over the electrode layers. For example, in U.S, 
Pat. No. 5,703,436 to Forrest et al., incorporated haein by 
reference, transparent indium tin oxide (ITO) is used as the 
Hole injecting electrode, and a Mg— Ag-ITO electrode layer 
is used for electron mjection. 
The flexible plastic substrate can be any flexible self- 

55 supporting plastic film that supports the thin conductive 
metallic film. "Plastic^' means a high polymer, usually made 
from polymeric synthetic reto, which may be combuied 
with other ingredients, such as curatives, fillers, reinforcing 
agents, colorants, and plasticizers. Plastic includes thermo- 

go plastic materials and thermosetting materials. 

The Ifexible plastic fihn must have sufficient thickness 
and mechanical integrity so as to be self-supporting, yet 
should not be so tiiick as to be rigid. Typically, the flexible 
plastic substrate is the thickest layer of die composite film in 

6S tiiickness. Consequently, the substrate detenrines to a large 
extent the mechanical and thermal stability of die fiilly 
structured composite film. 
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Anoflier significant characteristic of ttie flexible plastic iadium oxide, niobium peDtoxide and tin dioxid*. See, Int. 

substrate material is its glass transition temperature (Tg). Tg Publ. No. WO 99/36261 by Polaroid Cozpoiation. In adda- 

is defined as the glass transition temperature at which plastic tion to the primary oxide such as ITO, the al; least one 

material will change from the glassy state to the rubbery conductive layer can also comprise a secondary metal oxide 

state. It may comprise a range before the material may 5 such as an oxide of cerium, titanium, zirconiura, hafiuum 

actually flow. Suitable materials for the flexible plastic gnd/or tantalum. See, U.S. Pat. No. 5,667,853 to Fukuyoshi 

substrate include thermoplastics of a relatively low glass et al. (Toppan Printing Co.) Other transparent conductive 

transitiontemperature,forexampleuptol50'>C.,aswellas oxides inchide, but are not limited to ZnO^, Zn^SnO^, 

materials of a higher glass transition temperature, for 062^1104, ZnaM^Os, Mgln204, Gz^O^—hi^O,, or TaOg. 

example, above 150° C. The choice of material for the 10 The conductive layer may be formed, for example, by a low 

flexible plastic substrate would depend on factors such as temperature sputtering technique or by a direct current 

manufacturing process conditions, such as deposition tem- sputtering technique, such as DC sputtering or RF-DC 

perature, and aonealing temperature, as well as post manu- sputtering, depending upon the material or mafairials of the 

factoring conditions such as m a process line of a displays underlying layer. The conductive layer may be a transparent, 

manufacturer. Certain of the plastic substrates discussed 15 electrically conductive layer oftin oxide or indium tin oxide 

below can withstand higher processing temperatures of up to (ijo), or polytluophene (PDOT). Typically, the conductive 

at least about 200° C, some up to 300-350" C, without layer is sputtered onto the substrate to a resistJince of less 



than 250 ohms per square. Alternatively, conductive layer 

Typically, the flexible plastic substrate is polyethylene may be an opaque electrical conductor foitned of metal such 

terephthalate (PET), polyethylene naphthalate (PEN), poly- 20 as copper, aluminum or nickel. If the conductive layer is an 

ethersulfone (PES), polycarbonate (PC), polysulfone, a phe- opaque metal, the metal can be a metal oxide to create a light 

nolic resin, an epoxy resin, polyester, polyimide, polyether- absorbing conductive layer. 

ester, polyetheramide, cellulose j^ate, aliphatic The material is coated over patterned ITO first conductors 

po yurethanes, polyacrylomtile, po ytetr^uoroethylenes, to provide a polymer dispersed cholesteric coating having a 

polyvmyhdene fluondes poly(methy (x^^ 25 driM thiclmmJflessthL 50 microns, preferably less tton 

S'^^mrn^^^^^^^ ^^^Z^i 25 micn>ns, more preferably less than 15 microns, most 

fi!?^^ ^ preferably less than about 10 microns. 
Teflon poIyQpernuoro-alboxy) fluoropolymer (PFA), poly , j. . . , . , ^ , , 
(ether ether ketone) (PEEK), poly(ether ketone) (PEK), ^ ^ ^« preferred conductive mate- 
poly(ethylene tettafluoroethylene) fluoropolymer (PETFE), 30 ^ effective conductor with gcK>d environ- 
and po]y(melhyl methaciylate) and various acrylate/meth- stability, up to 90% transmission, and down to 20 
acrylate copolymers (PMMA). Aliphatic polyolefins may "^^^ ^^"^ resistivity. An exemplary preferred ITO 
include high density polyethylene (HOPE), low density ^ ^ greater than or equal to 80% in the visible 
polyethylene (LDPE), and polypropylene, including ori- ^8^° 8^^^ '^^ 
ented polypropylene (OPP). Cyclic polyolefins may include 35 so tiiat Ac film will be useful for display appli cations. In a 
poly(bis(cycIopentadiene)). A preferred flexible plastic sub- Prefeir^ embodunent, the conductive layer comprises a 
strate is a cyclic polyolefin or a polyester. Various cyclic l^yf temperature ITO which is polycrj^jtalline. The 
poly(^efins are suitable for the flexible plastic substrate. ^^O layer is preferably 10-120 nm m thickne!;s, or 50-100 
Examples include Arton® made by Japan Synthetic Rubber °^ ^^""^ ^^^^^ ^ resistivity of 20-60 ohms/square on 
Co., TolQ^o, Japan, Zeanor T made by Zeon Chemicals L.P., 40 P^^^^''^' ^ exemplary preferred ITO layer is 60-80 nm thick. 
Tolsyo j£^an, and Topas® made by Celanese A. G., BCion- The conductive layer is preferably patterned. The con- 
berg Germariy. Arton is a poly(bis(cyclopeatadiene)) con- ductive layer is preferably patterned into a plurality of 
densatc that is a film of a polymer. Altematively, Ae flexible electrodes. The patterned electrodes may be uised to form a 
plastic substrate can be a polyester. A preferred polyester is LCD device. In another embodiment, two conductive sub- 
an aromatic polyester such as Aiylite. Although various 45 strates are positioned facing each other and cholesteric 
examples of plastic substrates are set forth above, it should ^^<f}iid crystals are positioned there between to form a device, 
be appreciated that the substrate can also be fomied fiom "Hie patterned ITO conductive layer may have a variety of 
other materials such as glass and quartz. dimensions. Exemplary dimensions may include line widths 
The flexible plastic substrate can be reinforced with a hard of 10 microns, distances between lines, that is, electrode 
coating. Typically, the hard coating is an acrylic coating. 50 widdis, of 200 microns, depth of cut, that is, thickness of 
Such a hard coating typically has a thickness of from 1 to 1 5 ^TO conductor, of 100 nanometers. ITO thicknesses on the 
microns, preferably ii-om 2 to 4 microns and can be provided order of 60, 70, and greater than 100 nanometers are also 
by ftee radical polymerization, initiated &iher thermally or posable. 

by ultraviolet radiation, of an appropriate polymerizable The display may also contain a second conductive layer 

material. D^ending on the substrate, different hard coatings 55 applied to the surface of the light modulating layer. The 

can be used. When the substrate is polyester or Arton, a second conductive layer desirably has sufficitmt conductiv- 

particularly preferred hard coating is the coating known as ity to cany a field across the light modulating layer. The 

"Lintec". Lintec contains UV cured polyester aciylate and second conductive layer may be fonned in a vacuum envi- 

coUoidal silica. When deposited on Arton, it has a surfiice ronment using materials such as aluminum, tin, silver, 

composition of 35 atom % C, 45 atom % 0, and 20 atom % 60 platinum, carbon, tungsten, molybdenum, or ijidium. Oxides 

Si, excluding hydrogen. Another particularly prefened hard of these metal s can be used to darken pattema ble conductive 

coating is the acrylic coating sold under the trademark layers. The metal material can be excited by energy from 

"Terrapin" by Tekra Corporation, New Berlin, Wis. resistance heating, cathodic arc, electron beam, sputtering or 

The LCD contains at least one conductive layer, which magnetron excitation. The second conducti ve layer may 

typically is comprised of a primary metal oxide. This 65 comprise coatings of tin oxide or indium tin ctxide, i«sultii^ 

conductive layer may comprise oth&c metal oxides such as in the layer being transparent. Altematively, second conduc- 

indram oxid^ titanium dioxide, cadmium oxide, gallium tive layer may be printed conductive ink. 
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For higher conductivities, the second conductive layer techniques, such as dip coating, rod coating, bla<le coating 

may comprise a silver based layer which contains silver only air laiife coating, gravui© coating and teveise roU coatinS 

or silver containing a different element such as aluminum extrusion coating, slide coating, curtain coating and the like 

(Al), copper (Cu), nickel (Ni), cadmium (Cd), gold (Au), The liquid crystal particles and the binder are preferably 

zmc (Zn), magnesium (Mg), tin (Sn), indium (Li), tantalum 5 mixed together in a liquid medium to form a coating 

(Ta), mamum (Ti), zirconium (Zr), cerium (Ce), silicon (Si), composition. The liquid medium may be a medium such as 

lead (Pb) or palladium (Pd). In a pnefeired embodiment, the water or other aqueous solutions in which the hydiophiUc 

conductive layer comprises at least one of gold, silver and a colloid are dispersed with or without the preseiice of sur- 

gold/silver alloy, for example, a layer of silver coated on one factants. A preferred barrier layer may acts as a a;as bamer 

or both sides with a thinner layer of gold. See, Int Publ. Ko. lo or a moisture barrier and may comprise SiOx, Air)x or ITO. 

WO 99/36261 by Polaroid Coiporation. In another embodi- The protective layer, for example, an acrylic hard coat, 

ment, the conductive layer may comprise a layer of silver functions to prevent laser li^t from penetrating to func- 

alloy, for example, a layer of silver coated on one or both tional layers between the protective layer and the substrate 

sides with a layer of indium cerium oxide (InCeO). See U.S. thereby protecting both the barrier layer and the substrate! 

Pat. No. 5,667,853, incorporated herein in by reference. is The functional layer may also serve as an adhesiaa promoter 

The second conductive layer may be patterned irradiating of the conductive layer to the substrate, 
the multilayered conductor/substrate structure witii nitravio- In another embodiment, the polymeric support may fur- 
let radiation so that portions of the conductive layer are ther comprise an antistatic layer to manage unwanted chatge 
ablated therefrom. It is also known to employ an infrared build up on the sheet or web during roll conveyar.ce or sheet 
(IR) fiber laser for patterning a metallic conductive layer 20 finishing. In another embodiment of this invention, the 
overlying a plastic fihn, directly ablating the conductive antistatic layer has a surface resistivity of between 10^ to 
layer by scanning a pattern over the conductor/film struc- 10'= ohms. Above 10^^ the antistatic layer typically does 
ture. See: Int. Publ. No. WO 99/36261 and "42.2: ANew not provide sufficient conducHonofchaige to prevent charge 
Conductor Structure for Plastic LCD Applications Utilizing accumulation to the point of preventing fog in photographic 
'All Dry' Digital Laser Patterning," 1998 SID International 25 systems or from unwanted point switching in Jic|uid ciystal 
Symposium Digest of Technical Papers, Anaheim, Calif., displays. While layers greater than 10' will prevent chaige 
May 17-22, 1998, no. VOL. 29, May 17, 1998, pages buildup, most antistatic materials are inherently not that 
1099-1 101, both mcorporated herein by reference. conductive and in those materials that arc more conductive 
In a preferred embodiment, second conductors are printed than 10^, there is usually some color associated with them 
conductive ink such as ELECTRODAG 423SS screen print- 30 that will reduce the overall transmission properties of the 
able electrical conductive material from Acheson Corpora- display. The antistatic layer is separate fiom the highly 
tion. Such printed materials are finely divided graphite conductive layer of ITO and provides the best static control 
particles in a thermoplastic resin. ITie second conductors are when it is on the opposite side of the web substrate from that 
fomied using printed inks to reduce display cost. The use of of the ITO layer. This may include the web substrate itself, 
a flexible support for substrate layer, laser etched first 35 Another type of ftmctionallayer may be a color contrast 
conductors, machine coating polymer dispersed cholesteric layer. Color contrast layers may be radiation reflective layers 
layer, and pnnting second conductors permit the fabrication or radiation absorbing layers. In some cases, the reannost 
of very low cost memory displays. Small displays formed substrate of each display may preferably be a cc lor contrast 
using these methods can be used as electronicaUy rewritable layer. The rearmost substrate may also preferablv be painted 
transaction cards for inexpensive, limited rewrite j^phca- 40 black. The color contrast layer may also be othisr colors. In 
, , , . another embodiment, the dark layer comprises milled non- 

Alightabsorbmg second conductorraay be positioned on conductive pigments. The materials are miUed below 1 
toe side opposing the incident light. In the fiilly evolved micron to form "nanopigments". In a preferred embodiment 
focal come state the cholesteric liquid crystal is transparent, the dark layer absorbs all wavelengths of light across the 
passmg incident light, which is absorbed by second conduc- 45 visible light spectrum, that is from 400 nanometers to 700 
tor to provide a black image. Progressive evolution to the nanometers wavelength. The dark layer may al so contain a 
focal romc state causes a viewer to see an initial bri^t set or multiple pigment dispersions. Suitable pigments used 
reflected light that transitions to black as the cholesteric in the color contrast layer may be any colored materials, 
material changes from planar state to a fiilly evolved focal which are practically insoluble in the medium in which they 
come state. The transition to the light transmitting state is 50 are incorporated. Suitable pigments include tho;je described 
progressive, and varying the low voltage time permits van- in Industrial Organic Pigments: Production, Properties 
able levels of reflection. These variable levels can be Applications by W. Herbst and K. Hunger, ] 993 Wiley 
mapped out to corresponding gray levels, and when the field Publishers. These include, but are not limii«d to Azo 
is removed, light modulating layer maintains a given optical Pigments such as monoazo yellow and orange, diazo naph- 
state indefinitely. The states are more ftilly discussed in U.S. 55 thol, naphthol reds, azo lakes, benzimidazolone, diazo con- 
Pat. No. 5,437,811. densation, metal complex, isoindolinone and isoindolinic, 

In addition to a second conductive layer, other means may polycyclic pigments such as phthalocyanine, qtiinacridone, 

be used to produce a field capable of switching the state of perylene, perinone, diketopyrrolo-pyrrcle, and thioindigo' 

the liquid crystal layer as descnbed in, for example, U.S. Pat and anlhriquinone pigments such as anthrapyrimidine 

Appl. Nos. 20010008582 Al, 20030227441 Al, 60 The functional layer may also comprise a dielectric mate- 

20010006389 Al, and U.S. Pat. Nos. 6,424^87, 6,269,225, rial. A dielectric layer, for purposes of the present invention, 

and 6,104,448, all mcorporated herein by reference. is a layer that is not conductive or blocks ithe flow of 

The LCD may also comprise at least one "functional electricity. This dielectric material may include a UV cur- 
layer" between the conductive layer and the substrate. The able, thermoplastic, screen printable material, such as Elec- 
fimctional layer may comprise a pit.tecti ve layer or a barrier 6S trodag 25208 dielectric coating from Acheson Coiporation 
layer. The protective layer usefril in the practice of the The dielectric material forms a dielectric layer. This layer 
mvention can be applied in any of a number of well known may mclude op«iings to define image areass, which are 
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coinctdeat with the openings. Since flie image is viewed nm were prepared by adding the appropriate amount of a 

through a transparrait substrate, the indicia are mirror high twist chiral dopant to the nematic host mixture BL087 

imaged. The dielectric material may form an adhesive layer obtained from Merck, Dannstadt, Geimany. The CIjC com- 

to subsequently bond a second electrode to the light modu- position with CWR at 590 nm also contaiiMd 0.2% weigjht/ 
lating layer. 5 weight (w/w) of the blue absorbii^ dye Neopen YeDow 057 

The liquid crystal containing composition of the invention from BASF Corporation, 

can be applied by any of a number of well known tech- nAtUAin \ 

niques, such as dip coating, rod coating, blade coating, air Method i (Invention) 

knife coating, slide (or bead) coating, curtain coating, and ^ dispersion of the CLC composition with CWR at 590 
the like. 10 °™ prepared as follows- To 241 grams of distilled water 

After coating, the layer is g^n^ally dried by simple was added 3.6 grams of Ludox™ colloidal silica suspension 

evaporation, which may be accelerated by known techniques «Dd 7.4 grams of a 10% w/w aqueous solution c f a copoly- 

such as convection heating. Known coating and drying nier of mettiylamiiioethaDol and adq)ic acid. To tiiis was 

methods are described in further detail m Research Disclo- added 108 grams of the CLC composition. The mixture was 

sure No. 308119, Published December 1989, pages 1007 to stirred using a Silveison mixer at 5000 rpm. .It was th&a 

1008. The coating is maintained above the chill set tem- passed through a microfluidizer at 3000 psi. Finally, the 

porature or sol-gel transition t^perature of gelatin during resulting dispersion was passed through a 23 iica filter. The 

diyii^ of the imagiiig layer or light modulating layer to droplet size distribution in the dispersion wa> measured 

permit self-assembly of the droplets into a close-packed using a Coulter Counter. It was found that the mtan size was 

monolayer. 9.7 microns with a coefficient of variation (cv) of 0.14. 

A coated sheet can be formed usii^ inexpensive, efficient 20 ^^^^^ dispereion was mixed with an aqucDUs solution 

layering methods. A single large volume of sheet material ^km gelatin from Norland Products Inc. having a 

can be coated and formed into vanons types of smaller weight-average molecular weight of 83,800 and a polydis- 

'^^fJ'i ^/Pl^y '^^^^ ^ transaction cards, 3 4 ^ ^ ^^^ ^^^^^^^ poly.inylalcohol 

shelf labels, large format signage, and the like. Displays m h>vA r-i n< \n««^« t ;«;wi> * 
the fomi of sheets in accorcW with the present invention 25 ^^f"^^^^^:^^ from Nippon Gohsei Lunrted), a solution 

are inexpensive, simple, and febricated using low cost Aerosol OT m water and a solution of bis(vinyIsulfonyl) 

processes methane m water to give a coating compositioji containing 

In the preferred embodiment, the imaging layer or light ^^"^^ material, 4.5% fish skin gelatin, 0.5% PVA, 

modulating layer is first applied and maintained above the ^ 07% Aerosol OT coating aid and 0.1% bis(vjnylsulfonyl) 
chill set temperature or sol-gel transition tempeiatuie of 30 ^^^^^ crosslinker. The composition was sp-read over a 

gelatin. After drying, the binder in this layer is allowed to plastic support with a thin layer of indium tin oxide (ITO) at 

crosslink to preserve the close-packed monolayer distribu- 37-67 cm^/m^ to give a dry uniform coverage of about 5400 

tion of coated droplets. A second aqueous layer containing mg/m^ of CLC material. The PVA prevented aj;glomeration 

gelatin is then applied The coating is chill set prior to drying of the liquid crystal domains during self-a«3embly and 

of the second layer in order to allow the gelatin molecules helped minimize defects in the coating. The plastic support 

in the second layer to adopt a helix structure In a preferred (Dupont ST504) with a sputter coated ITO conductive layer 

ccunmercial embodiment, the substrate to be coated is in the (300 ohm/sq resistivity) was obtained from IBekaert. The 

form of a moving web. After completing flic manufacture of thickness of the ITO layer is approximately 240 Angstroms . 

a coated liquid crystal sheet material between spaced dec- During the operation, the plastic support was jjlaced over a 

trodes, the sheet material can be cut into a plurality of coating block that was maintained at room temperature (23*' 
smaller, individual areas for use m various display or other « q) and the coating composition was also delivered or 

applications. ^ . , applied at the same temperature. The resulting coating was 

A close-packed monolayer of timform thickness may ^^^^ ^^^-^^^ conditions (23o C). TTie fish 

provide enhanced performance with respec to surface ,^ ^ ^ temperature aad, thus, had 

roughness. In oonvemional hquid crystal coatings contam- « P tu no, xn s, n 

ing non-umform droplets or capsules, the root mean square 45 '''^y^' ^ uwsci uij^ui^. 

(RMS) surface roughness has been measured at about 6 ^ ^ ^^P^^ f ^^f J?f '^^ff ^^^^^ ^ 

microns. This is a very high value of surface roughness that helimn-neon laser (Spectra Physics model 1 5M). A screen 

would result in irregular or incomplete curing if a UV was plac«i behind the sample. The distance from the source 

curable screen printed conducive ink is used as the second °^ ^^'^ ^'8^^ ^ sample was 20.6 cm and ±e distance 

electrode. The irr^ular curing will result in increased ^ sample to the screen was 10.5 cm. As shown in 

switching voltages. Furthermore, a surface roughness of this FIG, 1 , the invention coating showed diffiwiticm rir^ wi the 

magnitude will also result in significant non-uniformity of screen caused by Fraunhofer diffiraction of light indicating 

switching voltage across the area of the display since the an ordered close-packed monolayer of CLC droplets in the 

switching voltage is directly related to the thickaess of the coating, 

coated layer. The self-assembled droplets or domains in the u j o ^r- 

present close-packed monolayer demonstrates a RMS sur- Method 2 (Control) 

face roughness of less tiian 1 .5 microns, more preferably less ^ dispersion of the CLC composition with CWR at 540 

than 1 .0 microns and most preferably less than 0.5 microns. ^ ™ prepared as follows. To 372. 1 grams of distiHed 

The following examples are provided to ilhistrate the water was added 2.6 grams of Ludox™ colloidal silica 

invention. suspension and 5.3 grams of a 1 0% w/w aqueous solution of 

60 a copolymer of methylaminoethanol and adipic acid. To this 

EXAMPLE 1 was added 77.2 grams of the CLC composition. The mixture 

was stirred using a Silverson nuxer at 5000 rpm. It was then 

Ibis example illustrates the close-packed ordered mono- passed through a microfluidizer at 3000 psi. Finally, the 

layer structure obtained according to ttie invention compared resulting dispersion was passed through a 23 jim filter. The 
to the random structure of a control coating. 65 droplet size distribution in the dispersion was measured 

Chiral nematic liquid crystal (CLC) compositions with using a Coulter Counter. It was found that the mean size was 

center wavelengths of reflection (CWR) at 540 rmi and 590 9.4 microns with a coefficient of variation (cv) of 0.14. 
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Tli&shovedlspemoawasMxedwlthmaqiieom solution helix stnjcture of gelatin indicating that at least some of the 
of conventiona Type W cattle gelatin having a weight- gelatin molecules in layer 2 wei in the S Mx con! 

position containing 8% w/w CLC mateSal, 50/0 gelli, 1% p^L^l J^r^c^f a conductive ink 

Alkanol XC coating aid and 0.05% bis(vinylsu]fonyl)metfa. ^^5!?^ ^ L T Corporation) ^as then 

ane crosslinker. The composition was then spread over a ^^f^Pf^ edontopof layer 2 to complete the construction 
plastic support with a thin layer of indium tin oxide QTO) to 

give a uniform coverage of about 5400 mg/m^. The plastic 10 ^® electro-optic lesponse of the device is shown in FIG. 
support (Dupont ST504) with a spmer coated ITO conduc- ^' ^® horizontal axis is die amplitude of the addressing 
tive layer (300 ohm/sq resistivity) was obtained fiom voltage pulse and the vertical axis is the reflectmce of the 
Bekaert. The thickness of the ITO layer is approximately ^LC material measured at 0 volts about 2 seconds after 
240Angstroms. During the operation, thecoating block was application of the addressing pulse. The reflectance was 
maintained at a temperature close to room temperature (23° 15 ^^^as^d using an X-rite 938 spectrodensitometer. The 
C.) and the coating composition was delivered or applied at addressing pulse was a square wave with frequency of 250 
a temperature of45*C. The resulting coating was then dried duration of 100 milliseconds. The open circles 

under ambient conditions (23** C), It should be noted that represent the response when the material was inidally in the 
conventional gelatin will chill set at this temperature prior to plaiJar texture and the filled cireles represent the response 
the onset ofdrying since tiie sol-gel transition temperature of 20 material was initially in the focaj conic state. A 

conventional gelatin is above room temperature. voltage pulse higher than 70 volts (V4) switched the display 

A sample of this coating was inspected using the same ^® reflecting state and a voltage pulse between 44 and 

laser light source under the same conditions as before. As ^'^ respectively) switched the display into 

shown in FIG. 2, in this case the difiBaction pattern is the weakly scattering or dark state. Voltages less than VI (8 
distinctly different, indicative of a very disordered or ran- 25 ^^^^^ influence the state of the display. La this case 

dom coating of the CLC droplets. ^ quantity Vqm, defined as 2V1/(V4-V3), was equal to 1 . 

For a multi-row and column matrix display usiog conven- 
^^^^^L^ 2 tional drive it is unportant that Vqm is greater tbtin or equal 

„ . , to 1 to ensure maximum contrast without cioss-talk 

This example illustrates tie inqiioved electio-optical ^ 
properties of a device fabricated according to the mvention Metiiod 2 (Control) 

compared to a control device. A dispersion of CLC material and coaring composition 

Method I (Invention) w«re prepared in a manner similar to Method 2 of Example 

A dispersion of CLC material was prepared in a manner ^ ' composition was coated as described under Method 
similar to Method I of Bxample 1 . 3S ^ Example 1 . A carbon-based conductive ink (Blectrodag 

The dispereion was mixed with an aqueous solution of 423SS from Acheson Corporation) was then screen printed 
Type IV cattle gelatin having a weight-average molecular coating to create the display device. The 

weight of 117,000 and a polydispersity of 3.7, an aqueous electro-optic response of the device is shown in FIG. 4. In 
solution of polyvinylalcohol (PVA)(typeGL-05 from Nip- ^ voltage pulse higher than 130 volts (V4) 

pon Gohsei Limited), a solution of Aerosol OT m water and 40 display into the reflecting (bright) state and a 

a solution bis(vinylsulfonyl)metbane in water to give a \*^^tage pulse between 44 and 64 vohs (V2 and V3 espec- 
coating composition containing 15% w/w CLC material, tively) switched the display into the weakly scattering or 
4.5% gelatin, 0.5% PVA, 0.07% Aerosol OT and 0.1% state. The contrast ratio defined as the reflectance of the 

bis(vinyIsuIfonyI)methane. The composition was spread ^"^^ ^^^^ divided by that of the dark state was 15.8. 
over a plastic support with a thin layer of indium tin oxide 45 ^^^ages less than 14 volts (VI) did not influence the state 
(ITO) to give a uniform coverage of about 5400 mg/m^ of display. Based on these parameters Vqm was only 

CLC material. The coated layer was referred to as layer 1 . 

During the operation, the plastic support was placed over a ^^^r the voltage needed to switch the display into 

coatmg block that was maintained at a temperature of 45* C. reflecting state was significantly greater than that of the 

and the coating composition was also delivered or applied at 50 u^vention device. Furthermore, the contrast of a multiplexed 
the same temperature. display based on this method may be greatly inferior com- 

The resulting coating was then dried at 45° C. The coating P^"^ to the method of the invention because of the rela- 
was kept aside for 48 hours to allow the crosslinking of ^^^^Y low value of Vqm. 
gelatin to go to completion. Analysis of a portion of the 

coating by laser li^t as in Example 1 showed rings due to 55 EXAMPLE 3 

Frauhhofer diffraction of light. Analysis of a second portion 

of the coating by x-ray diffi-action showed a complete Invention 
absence of triple helix structure in gelatin. In other words, 

the gelatin molecules in layer 1 were m a random coil A dispersion of CLC material and coating composition 
cooJjguration. The coatmg was then placed on a coating 60 were prepared as described under Method 1 of Examole 1 
block was maintained at 23<' C. A 4% w/w solution of The composition was spread over a plastic support (Dupom 
Ty|^ IV cattle gelatm was then coaled over layer 1 at a ST504) with a thin layer of IID (approximate] v 240 Anc- 
umfonnwet coverage ofabout 28 cmVm^ This second layer stroms in thickness and 300 ohm/sq resistiviW) at 37 7 
was referred to as layer 2. The coating was then dried at cm /m^ to give a uniform diy coverage of about 5400 mg^m^ 
"^AnS^T"^ ^ l.u . . ..^ ^"^B operation, the plastic 

Analysis of a portion of the coating by x-ray diffraction support was placed over a coating block that was mamtained 
now showed a peak at low angle associated with the triple at 45 C and the coating composition was delwcred at 23 C 
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within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses, 

Xra. INFRINGEMENT OF U.S. PATENT NO. 7,339,716 

105. On March 4, 2008, the USPTO issued U.S. Patent No. 7,339,716, entitled 

II 

"Transflective Electrophoretic Display Device" (hereinafter "the '716 patent"). A true 

and correct copy of the '716 patent is attached hereto as Exhibit K . 

\ 

106. ITRI is the owner of all right, title, and interest in and to the '716 patent by 
assignment, with full right to bring suit to ; enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 

and income. I 

I 

1 07. The '716 patent is valid and enlforceable. 

( 

1 08. All requirements under 35 U.S'lC. § 287 have been satisfied with respect to 

the '716 patent, j 

J 

109. Samsung has been and is infringing the '716 patent by making, using, 
selling, offering for sale, and/or importing m!;or into the United States, without auliiority, 

products that fall within the scope of one or niore claims of the '716 patent, including but 

i! 

not limited to Samsung products bearing flat panel displays such as the Samsung Alias 2. 

;l 

110. Samsung has been and is continuing to induce infringement of tihie '716 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '716 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '716 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

PLAiNTn^F's FrasT Amended Complaint for Patent Infringement and Jury Demand - Page 19 
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The resulting coating of the imaging layer was dried at 45 C. niateriaJ, the coating was once again examined using the 
All of these temperatures were above the sol-gel transition laser confocal microscope. The correspondmg micrograph is 
temperature of the binder. shown in FIG. 10. The coating now shows well-defined 

The coatmg of the maaging layer was kept aside for 48 h cavities in areas that were originally occupied by (iropJets of 
to allow the cross-hnking of gelatin to go to con^ledoji. The 5 the liquid ciystal. Note that the crosslinked binder resisted 
coating was then placed on a coating block that was main- dissolution. In other words, cross>linking the bimler allowed 
tamed at 30 C. A composition containing 4% Type IV cattle the close-packed structure to be fixed or locked into place 
gelatm, 1 .4% caiboa black and 0.1% Aerosol OT in distilled The attached profile shows that the imaging lijyer had a 
water was then spread over it using a coating knife with unifonn thickness of about 5 microns. 
0.008 on gap to constitute the protective overcoat. The lo 

coating was dried at 30 C. For this top layer or protective EXAMPLE 5 

overcoat, the temperature of the coating block and the drying 

temperature were both below the sol-gel transition tempera- Control 
ture of the binder. A silver-based conducting mk was then 

screen printed over the dried protective layer to complete 15 This emnple illustrates the effect of using a polymer latex 
construction of the display device. The electro-optic as the binder material in the imaging layer insteaci of gelatin, 
response of this device is shown in FIG. 5. A voltage pulse A CLC composition with CWR at 450 nm was prepared 
higher than 72 volts (V4) switched the display into the by adding the appropriate amount of a high twist chiral 
reflecting state and a voltage pulse between 32 and 44 volts dopant to the neraatic host mixture BL087 obtained from 
(V2 and V3 respectively) switched the display into the 20 Merck, Damistadt, Gemiany. 

weakly scattering or dark state. The contrast ratio was 33.1. A dispersion of the CLC composition with CTO at 450 

It is clear that the voltages needed to switch the display mn was pr^ared as follows. To 1 66 grams of distilled water 
into the bright state and the dark state were considwably was added 2.6 grams of Ludox™ colloidal silica imspension 
lower than those for the control. and 5.1 grams of a 1 0% w/w aqueous solution of a copoly- 

Fuithermore, the contrast ratio was significantly higher 25 mer of methylajninoethanol and adipic acid. To this was 
indicating a much improved display at low volt^e. added 74.6 grams of the CLC composition. The roixture was 

stirred using a Silverson mixer at 5000 rpm. ::t was then 
EXAMPLE 4 passed through a microfluidizer at 3000 psi. F inally, the 

resulting dispersion was passed through a 23 pui filter. The 
Invention 30 droplet size distribution in the dispersion wan measured 

. using a Coulter Counter. It was foimd that the mejm size was 

This example illustrates the uniformity of thickness of the 9.4 microns with a coeflBcient of variation (cv) of 0 1 4 
imaging layer usi^ tiie method of the invention. It is nie above dispersion was mixed with an a<iueous sus- 
prelerred that the RMS surface roughness is less than 1.5 pension of polyurethane polymer latex NeoRez R-967 from 
microns,itismoreprefettBdthattheRMSsurfeoeroughness 35 NeoResins, Wilmington Mass., USA and a solution of 
IS less than 1 .0 microns andit is most prefened that the RMS coating aid OHn 10 G in water to give a coating composition 
surface roughness is less than 0.5 microns, (reasons for the containing 15% w/w CLC material, 5.0% polymer latex and 
umfomity of thickness are in the prior art section). 0.1% Olin 10 G. The composition was spread over a plastic 

A dispersion of CLC matenal and coating composition support with a thin layer of indium tin oxide (ITO) using a 
were prepared as descnbed under Method 1 of Example 1 . 40 coating knife with 0.008 cm gap. The plastic support (Du- 
Jb.eTOmposition was spread over a plastic support (Dupont pontST504) with a sputter coated ITX) conductive layer (300 
ST504) With a thm layer of ITO (approximately 240 Ang- ohm/sq resistivity) was obtained from Bekaert The thick- 
stroms m thickness and 300 ohm/sq resistivity) at 37.7 ness of the ITO layer is approximately 240 .'Ingstroms. 
cm /m to give a umform dry coverage of about 5400mg/m^ During the operation, the plastic support was pJaced over a 
tor the CLC matmal. Durmg the operation, the plastic 45 coating block that was maintained at room temperature (23° 
supportwasplacedoveracoatmgblockthatwasmaintained C.) and the coating composition was also clelivered or 
at 45 C and the coatmg composition was delivered at 23 C. applied at the same temperature. The resulting coatmg was 
The resultmg coating of the imaging layer was dried at 45 C. then dried under ambient conditions (23* C). Hie coating 
All ot these temperatures were above the sol-gel transition was then placed on a coatmg block that was maintained at 
tet^rature of the bmder. 50 23 C. A composition containing 4% Type IV cattle gelatin 

The coatmg of the maaging layer was kept aside for 48 and 0.1% Aerosol OT in distilled water was then spread over 
hours to allow the crosslinking of gelatin to go to comple- it using a coating knife with 0.008 cm gap to constitute the 
tion. The surface roughness profile was then obtained using protective overcoat. The coating was dried at 23 C. For this 
a Zeiss LSM 510 laserscanningmicroscopefiromCari Zeiss top layer or protective overcoat, the temperature of the 
Mwoimaghag Inc., One Zeiss Drive, Thomwood N.Y 55 coating block and the drying temperature were both below 
10594. no. 9 shows a micrograph of the coating of the the sol-gel transition temperature of the binder. A carbon- 
unagmg layer along with the surface roughness profile. The based conductive ink (Electrodag 423SS ficm Acheson 
roughness profile shows the variation in thickness as a Coiporation) was then screen printed ovw the protective 
fonction of distance along a line drawn across the surface of overcoat to complete the construction of the display device, 
the coatmg. From such a profile it is possible to calculate the 60 The electro-optic response of the device is shown in FIG 
n»tmeausquare(RMS)surfaceroughuess(seeforexampIe 11, The horizontal axis is the amplitude of th.j addressing 
\^ko NT8000 Set Up and Operation Guide June 2003 voltage pulse and the vertical axis is the reflectance of the 
version 3.01 Veeco hidustries Inc. 2650 East Elvira Road, CLC material measured at 0 volts about 2 seconds after 
Tuscon Anz. 85706). For this coating the RMS surface application of the addressmg pulse. The reflectance was 
roij^ess was about 0,4 microns. 65 measured using an X-rite 938 spectrodensitometer. The 

The coatmg was then immersed m acetone to remove the addressing pulse was a square wave with frequency of 250 
hquid crystal material. After removal of fee liquid ciystal Hz and duration of 100 mUliseconds. The open chcles 
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repieseat (he response when the material was initially in the said electronically modulated imaging layer comprises a 

planar texture and the filled circles represent the response close-packed, ordered monolayer of domains of electrically 

when the material was initially in the focal conic state. A modulated material in a fixed polymer matrix, 

voltage pulse higher than 138 volts (V4) switched the 2. The high contrast reflective display of claim. 1 wherein 

display into the reflecting state and a voltage pulse between s said substrate is flexible. 

64 and 86 volts (V2 and V3 respectively) switched the 3. the high contrast reflective display of claiai 1 wherein 

display into the weakly scattering or dark state. Voltages less said substrate is transparent. 

than VI (12 volts) did not influence the state of the display. 4^ ^^^^^^ reflective display of claim 3 further 

In this case the quantity Vqm, defined as 2V1/(V4-V3), was comprismg a second substrate. 

equal to 0.46. Once 9gain it is clear to the yolt^e needed 10 5 ^ ^-^ ^^^^^^^ ^^^^.^^ ^- j ^^^^^^^ j 

to switch fte display mto the teflecti^ state was sigmfi- electrictuy conductive layer a surface conductivity of 

cantly greater than that of the invention device. Furthermore, j^^^ jq4 oijjjjg/gn 

the contrast of a multiplexed display based on tiiis method ^-ruuu a 4Z j-i x-i- 1 1. • 

may te greatly inferior compa^ to tte metbod of 4e « TIk high cortrast reflective display 

mvUonbecaaeoftherelalLlytewvalueofVqm. 15 smdelwinrally conducive oonduetnrelay^ 

7. The display of claim 1 wherein said electncally oon- 
EXAMPLE 6 ductive layer comprises polythiophene. 

8. The high contrast reflective display of claim 1 further 
Those skilled in the art will appreciate that the phase- comprising at least a second electrically conductive layer, 

separated polymer domains are established or the monomer 20 wherein said at least one close-packed, ordered monolayer 

is polymerized after the anulsion domains have been of electrically modulated material in a crosslinktsd polymer 

formed around the liquid crystal, polymer mixture, hi order matrix is between said at least one electrically conductive 

to obtain at the black-white appearance of the display cell, ^^V^ ^md said second conductive layer, 

the intrinsic pitch of the cholesteric material is adjusted 9. The high contrast reflective display of claka 1 wherein 

so that nP„ is around 600 nm (from orange color to red 25 at least one electrically conductive layer is patterned, 

color), where n is the average refractive index of material. 10. The high contrast reflective display of claim 1 furthfiir 

np0 detenuines the limit of the long wavelength side of the comprising a means for applying electrical field across said 

reflection spectrum. at least one close-packed, ordered monolayer of electrically 

A few percent polymer network is dispersed in the liquid modulated material in a fixed polymer matrix, 

crystal material. The polymer concentration is chosen to be 30 11. The high contrast reflective display of claim 1 wherein 

about 3%. The polymer concentration should be high said electrically modulating material is a liquid crystalline 

enough to cause the helical axes of the planar liquid crystal rnateriaJ. 

domains to distribute in a cone of angle around 40°, but be 12 . The high contrast reflective display of claim 1 wherein 

low enough not to cause too much scattering when the liquid said electrically modulated material comprises a bistable 

crystal is in the weakly scattering focal cooic texture. When 35 liquid ciystalline material. 

the domains are in &e planar textoe, the material has a 13, The high contrast reflective display of claim 12 

white appearance, while when the domains are m the focal ^^^^ ^sad bistable Uquid ciystalline material comprises a 

conic texture, the material has a black appearance or what- ^Utai nematic liquid crystal layer 

ever die color of the absorption layer is. 14. The high contrast reflective display of claim 1 wherein 

\^^apiedetermmed voltage vdue IS ap^^ 40 ^t least one close-packed, ordered monolayer of elec- 

and then removed to place the liquid crystal matem m the ^^cally modulated material is a hexagonally closest packed 

f^^E^'f^i*^^^^^^'^^'^^'^^^'^^^''' monolayer of light modulating material. 

liqmd crystal m the polymer domains are oriented along icniuu * * « ^ j- 1 ^-i- * u 

viiousSm.tionsaroikdthenomialofthecell.Underroom 15. The high contrast reflective display of cla^^ 

light conditions, where light is incident on the cell from all 45 !"^^f one close-packed, ordered monolayer of elec- 

dkections, the light i^flSted from different domains has tncally modulated material has a repeat pattern or p^od- 

different colors because the incident angles in different jcitywitii a repeat distance of the orders 

domains are different. As such, the light observed by a ^^^^^ ~ l." , ^ • ^- . ^ * ^ . . 

human eye is an average of the reflection bands centered at 16.Thehighcontrastreflectivedisplay of claml wherem 

different wavelengths, and has a white appearance. There- so P^^^""^' "^^'^ ^ crosslinked poJ^mer matrix. 

fore, when a voltage is supplied to the cell to drive the liquid ^h® *"8^ contrast reflective display of claim 1 wherein 

crystal material into the focal conic texture and then ^aid fixed polymer matrix is not rigid prior to drying. 

removed, the orientation of the helical axes in the domains 18 . The high contrast reflective display of claim 1 wherein 

are essentially parallel to the cell surface. As such, the said fixed polymer matrix is in a random configuration if the 

incident light is either diffracted or scattered in the forward 55 coating is dried at a temperature that is above the sol-gel 

direction and absorbed by an absorption layer at the bottom transition temperature. 

of the display. Since the absoiption layer has a black color, 19. The high contrast reflective di^lay of claim 1 wherein 

die polymer domains associated with die focal conic texture said fixed polymer matrix prior to crosslinking has a sol-gel 

appear black. transition temperature or thermal gelation temperature or 

The invention has been described in detail with particular eo '^hill set temperature below 23** C. 

reference to certain preferred embodiments thereof, but it 20. The high contrast reflective display ofckiml wherein 

will be understood diat variations and modifications can be said fixed polymer matrix prior to crosslinking has a sol-gel 

effected within the spirit and scope of the invention. transition temperature or thermal gelation temperature or 

The invention claimed is: chill set temperature below IC* C. 

1. A high contrast reflective display comprising at least 65 21.Thehighcontrastreflectivedisplay of claim 1 wherein 

one substrate, at least one electrically conductive layer and said electrically modulated material to said fixed polymer 

at least one electronically modulated unagmg layer, wherein matrix ratio is finm 6: 1 to 0.5: 1 . 
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=.5?' w *'°°*n ^^'''^ ^^f^y ""^^ 1 w^^^i^ <lrymg the at least one applied layer of said domains of 
said electtically modulated material to said fixed polymer electrically modulated^terial m a polymcrZSx at 

^^TtCw'I 1 ^ « ^- ^. , ... a temperature above the chill set temperatUR or sol-gel 

sai?^d^ot™^ ''^'''^^^'^^'^1^^ l^ansitiontempei^tui^ofsaidpolymermatrixtoper^it 

said fixed polymer mamx compnses gebtia 5 self-assembly of said domain of electrically modu- 

24. The lugh contrast reflective display of claim 23 lated material into a close-packed monolayer of said 
wherem said gelatm is in a random coil configuration if the domains of elatrically mo(talated material and 

25. The high contrast*«flective display of claim 23 10 ^^^^^^ ^^^f °f 

wherein said gdatin is fish gelatin. ^aim ^3 10 3^ ^h^ ^^^^ ^j^^ 35 comprising: 

26. The high contrast reflective display of claim 25 aPP^ying a second aqueous layer containing gelatin; 
wherein said fish gelatin is deep water fish gelatin. ^^^^ setting said second aqueous lay^ containli^ gelatii^ 

27. The high contrast reflective display of claim 23 

wherein said gelatin has lower imino acid content tei is drying said second aqueous layer. 

^"iir^fS* ^ . ... . 37. The high contrast reflective display ofclaiml wherein 

28^Thehi8iicontrastreflectivedisplayofclaunlwher«n said at least one electronically modulated imiiging layer 
said fixed polymer matnx fiirther comprises a hardening further comprises a chiral nematic liquid crystal light modu- 

^^^ Th^ui^^^^^ a ^ ^- . X.,. . lating material having positive dielectric anisotropy and a 

29. Ihe high contrast reflective display of cJaim 1 fiirther 20 pitch length effective to reflect light of approximately 600 
compnsmg a protective layer. nm and a UV curable polymer, wherein said chiral nematic 

30. The high contrast reflective display of claim 29 liquid crystal light modulating material and said 'JV curable 
wh^ein said protective layer comprises gelatin. polymer cooperate to form focal conic texture and twisted 

31. lUe hjgh contrast reflective display of claim 30 planar texture that are stable in the absence of a field, and 
whaem said gelatm contams molecules in a helix con^i- 25 wherein said twisted planar texture is light reflecting and 

, . , appears substantially white. 

32. The high contrast reflective display ofclaiml wherem « Th*. Wot. «,„f«** j- 1 1 • 
said electrically modulated imaging lay^ further comprises JL^i^t-^^^ ^ f 
polyvinylalcohol (PVA) «™pnses whaein said twisted planar texture appears substan^^^ 

33. Thehighcontrastreflectivedisplayofclaimlwherein 30 ^h^'^^^ focal come texture is weakly scat- 
saidatleastoneele^tronicaUymodutSii^^^^^ ter^g ^d^ears as the same color as the rear..st surfece 
a RMS surface roughness of Jess than 1 .5 microns. -n. t. - i 

34. The high contrast reflective display of claim 1 com- P?^ contrast reflective display of claim 37 ftirther 
prising a stack of at least two of said high contrast reflective compnsmg a color contrast layer, wherein said focal conic 
displays, wherein a stack comprises at least one substrate, at 35 ^"^^ substantiaUy the same color as said color 
least one electrically conductive layer and at least one c«Jirast Jayw- 

close-packed, ordered monolayer of domains of electrically 40. The high contrast reflective display of claim 39 

modulated material in a fixed polymer matrix. wherein said color contrast layer is black. 

35. Amethodofmaking a high contrast reflective display 41. The high contrast reflective display o:f clahn 37 
comprising: 40 wherein saidUV curable polymer is present in an amount of 

providing a substrate; 3% based on the total weight of said UV curable and said 

applying a conductive layer; chiral nematic liquid crystal light modulatmg n:.aterial. 
applying at least one layer of domains of electrically 

modulated material in a polymw matrix; mi.*** 
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York, having its principal place of busineiss at 105 Challenger Road, Ridgefield Park, 
New Jersey 07660. • 

1 

3. Upon information and beliefl Samsung Telecommunications Araerica, 

ij 

L.L.C. is, and at all relevant times mentioned herein was, a limited liability company 
organized under the laws of Delaware, having a principal place of business at 1301 East 

;i 

Lookout Drive, Richardson, Texas 75082. \ 

4. Upon information and belief, Samsung Electronics Co., Ltd. is, and at all 

j 

relevant time mentioned herein was, a corporation organized under the laws of Korea, 

i 

having its principal place of business at 1320-10, Seocho 2-dong, Seocho-gu, Seoul 137- 

857 Korea, Upon information and belief, Samsung Electronics Co., Ltd. is a nonresident 

II 

of Arkansas that engages in business in this state, but does not maintain a regular place of 

\ 

business in this state or a designated agent for 'service of process in this state. Sam sung 

j 

Electronics Co., Ltd may be served with process in Korea pursuant to the Hague 
Convention on the Service Abroad of Judicialiand Extrajudicial Documents. Samsung 
Electronics America, Inc., Samsung Telecommunications America, L.L.C, and Samsung 
Electronics Co., Ltd will be collectively referred to as "Samsung." 

IL JUMSDICTION^AND VENUE 

I 

5. This is an action for patent infringement arising under the patent laws of 
the United States, Title 35, United States Code. J The Court's jurisdiction is proper under 
the above statutes, including 35 U.S.C. § 27f et. seq., and 28 U.S.C, §§ 1331 and 
1338(a). ; 

6. This Court has personal juris<iiction over each Defendant. Each 

t 

Defendant has conducted and does conduct business within the State of Arkansas. Each 



ii 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 2 
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111. As a direct and proximate result of Samsung's acts of patent infiringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 

i; 

substantial damages. I 

ii 

112. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '716 patent, ITRI will suffer additional irreparable hanm and 
impairment of the value of its patent rights, i 

113. ITRI has incurred and will inctir attorneys' fees, costs, and expenses in the 

prosecution of this action. The circumstances of this dispute create an exceptional case 

II 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses; 

XIV. INFRINGEMENT OF U.S. PATENT NO. 7,387,858 

1 14. On June 17, 2008, the USPTO issued U.S. Patent No. 7,387,858, entitled 
"Reflective Display Based on Liquid Crystal Materials" (hereinafter "the '858 patent"). 
A true and correct copy of the '858 patent is arched hereto as Exhibit L . 

115. ITRI is the owner of all right, title, and interest in and to the '858 patent by 
assignment, witii full right to bring suit to j enforce the patent, including the right to 

recover for past infrmgement damages and the„ right to recover future royalties, damages, 

1 

and income. I 

1 

1 1 6. The ' 858 patent is valid and enforceable. 

1 17. All requirements under 35 U.SiC, § 287 have been satisfied with respect to 

I 

the '858 patent. | 

118. Samsung has been and is infringing the '858 patent by making, using, 

i 

selling, offering for sale, and/or importing in or into the United States, without aul:hority, 
Plaintiff's First AME^fDED Complaint for Patent Infringement and Jury Demand Page 20 



Case 4:09-cv-041 1 0-HFB Documenti 1 0 Filed 1 1/05/09 Page 21 of 23 

products that fall within the scope of one or more claims of the *858 patent, includiing but 
not limited to Samsung products bearing flat jpanel displays such as the Samsung mobile 
telephone Alias 2. :i 

119. Samsung has been and is continuing to induce infringement of the '858 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '858 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without autiiority, products that fall 
within the scope of one or more claims of the '858 patent. The mfiinging 
instrumentalities have no substantial non-infringing uses. 

120. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 
substantial damages. 

121. Unless Samsung is enjoined by this Court from continuing their 

j 

infringement of the '858 patent, ITRI will suffer additional irreparable hamm and 
impairment of the value of its patent rights, j 

122. ITRI has incurred and will inciir attorneys' fees, costs, and expenses in the 

i 

prosecution of this action. The circumstances of this dispute create an exceptional case 

j 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses'; 

XV. PRAYER FOR RELIEF 

ITRI prays for the following relief: , 
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A. A judgment that each Defendant has infringed and continues to infringe 
each of the patents-in-suit as alleged herein, directly and/or indirectly by way of inducing 
or contributing to infringement of such patents; 

B. A judgment for an accounting of all damages sustained by ITRI as a result 
of the acts of infringement by each Defendant; 

C. A judgment and order requiring each Defendant to pay ITRI damages 
under 35 U.S.C. § 284, including treble damages for willful infringement as provided by 

35 U.S.C. § 284, and supplemental damages for any continuing post-verdict infringement 

■i 

up until entry of the final judgment with an accounting as needed, and any royalties 
determined to be appropriate; 

D. A judgment and order requiring each Defendant to pay ITRI pre-ju<lgment 
and post-judgment interest on the damages awarded; 

E. A judgment and order finding this to be an exceptional case and requiring 
each Defendant to pay the costs of this action (including all disbursement) and 
attorneys' fees as provided by 35 U.S.C. § 285; 

F. A preliminary and thereafter a permanent injunction against each 
Defendant's direct infringement, active inducements of infringement, and/or contributory 
infringement of each of the patents-in-suit | as alleged herein, as well as against each 
Defendant's agents, employees, representatives, successors, and assigns, and those: acting 
in privity or in concert with them; and 

G. Such other and further relief as the Court deems just and equitable. 

XVL JURY DEMAND 
ITRI hereby demands that all issues l5e determined by jury. 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - I'age 22 
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ABSTRACT 



A backlight source device with circular arc diffiision units 
includes a transparent guide plate with circular arc diSusion 
units on the hront or rear surface of the plate. A difEusion 
piece above the guide plate, a reflecting piece below the 
guide plate, and a lateral light source. Therefore:, the dark 
and light regions in the backUght source device may be 
removed so diat the illumination of the backlight becomes 
stronger and more unifonn. 

13 Claims^ 5 Drawing Sheets 
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Defendant, directly or through intermediaries (including distributors, retailers, and 
others), ships, distributes, offers for sale, and sells its products in the United States, the 
State of Arkansas, and the Western District of Arkansas. Each Defendant has 
purposefully and voluntarily placed one or more of its infringing products, as described 

below, into the stream of commerce with the j expectation that they will be purchased by 

il 

consumers in the Western District of Arkansas. These infringing products have been and 

I 

continue to be purchased by consumers in ,the Western District of Arkansas. Each 

j 

Defendant has committed the tort of patent infringement within the State of Arkansas 

;i 

and, more particularly, within the Western District of Arkansas. 

7. Venue is proper in this Court ujider 28 U.S.C. §§ 1391(b), (c), and (d), as 

well as 28 U.S.C. § 1400(b), in that, on infprmation and behef, each Defendant has 

1 

committed acts within this judicial district giving rise to this action and does business in 

li 

this district, including making sales and/or jprovidmg service and support for their 

j 

respective customers in this district. ij 

ni. INFRINGEMENT OF U.lS. PATENT NO. 6,074,069 

i 

8. On June 13, 2000, the Unitei^ States Patent and Trademark Office 
("USPTO") issued U.S. Patent No. 6,074,069^ entitled "Backlight Source Device with 
Circular Arc Diffusion Units" (hereinafter *the|'069 patent"). A true and correct copy of 
the *069 patent is attached hereto as Exhibit A . | 

9. ITRI is the owner of all right, title, and interest in and to the '069 patent by 

i 

assignment, with full right to bring suit to enforce the patent, including the right to 

il 

recover for past infringement damages and the right to recover future royalties, damages, 
and income. j 

I 

.1 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 3 
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BACKLIGHT SOURCE DEVICE WITH 
CIRCULAR ARC DIFFUSION UNITS 

FIELD OF THE INVENTION 

Hie present invention relates to a backlight source device, 
and especially to a baddight source device with circular arc 
diffusion units. 

BACKGROUND OF THE INVENTION 

The present invention is suitable for use in the fabrication 
of LCDs, bacMigbt displays, backlight plate of slices, adver- 
tisement billboards and the other devices with a backlight 
source device. 

With the improvement of technology, LCDs, backlight 
displays, backlight plate of slices, advertisement billboard 
and the other devices using a backlight source device must 
be used widely, and thus a backlight source device with 
improved uniform illumination is eagerly demanded. 

A light guide plate 1 in the prior art is shown in FIG. 1, 
which produces a printing pattern of a light guiding plate 1 
of a lateral light source 11. The pattern is formed by a 
plurality of trenches or convex strips, or matrix points, and 
other diffusion units, or a plurality of parallel trenches with 
equal sptxes and depths for diffusing and reflecting t^l of 
a lateral light source. 

The defects of the prior art backlight source device is that 
in printing, the useability of the light of the front face is 
relatively low. Since the angles of all the diffusion units can 
not be changed, the output directkiQ of the diffusing light can 
not be controlled. 

For example, for straight parallel trenches on the light 
guide plate of a backlight source device, a non-uniform light 
strip will be formed. The light reflected from the area near 
the middle of the radiating area of the lateral light souicc: 11 
is stronger than that farther from the middle, and treirches 
with equal space and depth can cause that the emitted light 
are to be distributed non-uniformly. 

It is difficult to control the output angle of the output light 
fiom the light guide plate of a backlight source device, 
especially in the two sides of the diffusion unit 12. In the 
place near the two sides of the diffusion units, the angle 
formed by the line between the lateral light source and the 
diffusion unit and the parallel lines of the diffusion units can 
not form a vertical projection so that the angle of l^ht output 
can not be well controlled. 

SUMMARY OF THE INVENTIDN 

Accordingly, the object of the present invention is to 
provide a backilgbt source device having circular arc diffu- 
sion un^ so that the light reflected from a lateral light 
source becomes more uniform. 

Another object of the present invention is to provide a 
backlight source device with circular arc diffusion units for 
preventing the formation of dark and light regions by the 
backlight source. 

A further object of the present invention is to provide a 
backlight source device with circular arc diffusion units, in 
which a simplest design is used to control the light output 
ai^le of the backlight source device and the illumination 
thereof is improved greatly. 

In order to attain the aforementioned objects, the back- 
light source device with circular arc diffusion units in the 
present invention includes a transparent guide plate with 
circular arc difi^ion units on the front or rear surface 
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thereof, each circular arc diffusion unit having a reflecting 
surface; a diffusion piece above the guide plate; a reflecting 
piece below the guide plate; and a lateral light SDurce. 
The circular arc diffusion units of the transparent guide 
5 plate are convex or concave diffusion units, and the thick- 
! ness of the guide plate is decreased with the disttmce to the 
' lateral light source for reducing the loss of l^t energy. 
The circular arc diffusion units are disUil^uted with 
unequal distances. The reflecting surfaces of the circular arc 
diffusion imits have different heights which are increased 
; with the distances to the lateral light source. The cross 
section of the circular arc dif&ision units has a V or circular 
arc shape. 

J J The projection area of the diffusion units on the guide 
: plate may be increased with the distance to the liiteral light 
II source. The projection area of the diffusion units on the 
guide plate may be increased with the distance to the light 
I lateral source, the width of the projection area is between 
2Q 0.05 mm~l mm. 

The various objects and advantages of the present inven- 
tion will be more readily understood from the following 
detailed description when read in conjunction with the 
appended drawings. 

f BRIEF DESCRIPTION OF THE DRAWK^GS 

FIG. 1 is an elevation view of a prior art backlight source 
device. 

FIGS. 2-6 are the elevation vkws for different embodi- 
^ ments of the backlight source device of circular arc diflbsion 
units in the present invention, 

FIGS. 7-10 are the lateral cross sectional and schematic 
views for different embodiments of the baddi{r|it source 
device of circular arc diffusion units in the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference now to FIGS. 2-9, the backlight source 
^ device of the present invention mainly compris<is a trans- 
parent light guide plate 2 made of plastic (Acryl, 
polycarbonate) or glass or from other transparent materials; 

■ a diffusion piece 3 above the light guide plate 2, wherein a 
prism can be added above the light guide plate or the 
diffusion piece; a reflecting piece 4 below the light guide 
plate 2; and a lateral light source 5 which is preferably a 
linear light source. 

■' In the present invention, at the front or rear surface of the 

■ transparent light guide plate 2, at least one surl^ace has a 
5Q plurality of circular arc convex diffusion units 21 (referring 

to FIGS. 7 or 8) or concave diffusion units (referring to FIG. 
'; 9). The aoss section of each diffusion unit 21 may have a V 
shape (as shown in FIGS. 7 or 8) or circular arc (as shown 
I in FIG. 9) or other proper shape, such as hyperbolic or 
55 elliptic shapes. The reflecting surfaces 211,211' of the cir- 
cular arc diffusion units may be smooth or coarse. If the 
' surface is a mirror surface, then the diffusion effect will be 
' reduced. 

Further, in the present invention, the aforepientioned 
60 plurality of diffusion units are distributed with unequal 
distances (referring to FIG. 8, where D1>D2>D3). 
' Preferably, in the present invention, the heights of the 
.1 diffusion units 21 are increased to the distance with the 

lateral light source (as shown in FIGS. 7-9). 
65 The circular arc shape of the diffusion units 21 may 
assume an inverse direction (as shown in FIG. 3), as 
' compared to the opposite direction shown in FIG. 2; or 
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distributed along a diagonal line (as shown in FIG. 4), and 
may be interlaced by two alternating diffusion units (as 
shown in FIGS. 5 and €). Other distributions for arranging 
the circular arc difhision units 21 aie also included within 
the spirit of the present invention. 

The diffusion units 21 of the transparent guide plate 2 of 
the present invention can be formed by cutting, discharging, 
etcbdng, laser and other methods. The guide plate 2 can be 
made by injection, thermal pressing, extrusion molding, or 
other method. 

The projection area of the diffusion units 21 on the guide 
plate 2 may be increased with the distance to the lateral light 
source, a preferred width W is 0.05 mm~l mm. The thick- 
ness of the guide plate 2' can be decreased with the distance 
to the light source for reducing the loss of light energy, as 
shown in FIG. 10. 
The Effect of the Present Invention 

1. By the present invention, the reflecting light strength of 
the reflecting surface can be increased and the power loss is 
reduced, thus the average illumination of the backl^t 
source device is increased. 

2. In the present invention, the central line of the difl&ision 
units are close to the light source to conveniendy control the 
light output angle and thus to increase the illumination. 

3. The dark and light regions in the backHghl source 
device can be removed by the present invention so that the 
illumination of the backlight becomes more uniform. 

4. The present invention is fabricated easily and there are 
many ways which may be used for producing the present 
invention. 

In summary, in the present invention, circular arc diffu- 
sion units 21 are distributed on the guide plate 2 for deleting 
the daik and light regions of the backlight source device so 
that the illumination of the baddigjit area becomes more 
uniform and the illumination also increases. 

Although the present invention has been described with 
reference to the preferred embodiments, it will be under- 
stood that the invention is not limited to the details described 
thereof. Various substitutions and modifications have been 
sii^ested in the foregoing descriptioa, and others will occur 
to those of ordinary ^1 in the art. Hierefore, all such 
substitutiofK and modifications are intended to be embraced 
within the scope of the invention as defined in the appended 
claims. 

What is claimed is: 

1. A badcUght source device with circular arc difiEusion 
units comprising: 

a transparent guide plate with a plurality of circular arc 
diffusion units on the front or rear surface thereof, each 
circular arc diffusion unit having a reflecting surface; 



a difhision piece above said guide plate; 
a reflecting piece below said guide plate; and 
a lateral light source. 

2. The backlight source device with circular arc diffusion 
units as claimed in claim 1, wherein the circular an: diffusion 
units of the transparent guide plate are convex diflusion 
units. 

3. The backlight source device with circular art; diffusion 
units as claimed in claim 1, wherein said circular arc 
diffusion units of the transparent guide plate arc concave 
diffusion units. 

4. The backlight source device with circular arc dififusion 
unite as claim^ in claim 1, wherein said ciircuiar arc 
diffusion units are distributed with unequal spacen. 

5. The backlight source device with circular arc; diffusion 
units as claimed in claim 1, wherein said reflecting surfaces 
of said circular arc diffusion units have different heights 
which are increased with the distances to said lateral light 
source. 

6. The backlight source device with circular arc diffusion 
units as clainKd in claim 1, wherein at least two sets of said 
circular arc diffusion units are alternatively interlaced on 
said light guide plate. 

7. The backlight source device with circular arc diffusion 
units as claim in claim 1, wherein the cross section of said 
circular arc diffusion units has a V shape. 

S. The backlight source device with circular arc: diffusion 
units as claimed in claim 1, wherein the cross section of said 
circular arc diffusion units has a circular arc shape. 

9. The backhght source device with circular art: diffusion 
units as claimed in claim 1, wherein the projection area of 
said diffusion units on said guide plate is increased with the 
distance to said lateral light source. 

10. The backlight source device with circular an; diffusion 
units as claimed in claim 1, wherein the projection area of 
said diffusion units on said guide plate is increased with the 
distance to said lateral light source, and the width of the 
projection area is between 0.05 mm~l mm. 

11. The backlight source device with circular an; diffiiaon 
units as claimed in claim 1, wherein the thidcn^ss of the 
guide plate is decreased with the distance to said lateral light 
source for reducing the loss of photo energy. 

12. The backlight source device with circular an; diffusion 
units as claimed in claim 1, wherein said circular arcs of said 
diffusion units are distributed in an inverse direction around 
the same center. 

13. The backlight source device with circular arc: difEusicm 
units as claimed in claim 1, wherein said circular atcs of said 
diffusion units are distributed along a diagonal lii». 
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ABSTRACT 



A backlight source device inchiding a transp?.rent light 
guiding plate, a difiEiisiag piece on the transparent light 

guiding plate, a reflecting piece below the transparent light 
guiding plate and a lateral light source. Diffusing units are 
installed on either a front surface or a rear surface of the 
transparent light guiding plate. The diffusing units have 
respective light guiding surfaces with different aieas which 
are extendedly and continuously arranged. The l^ht 
reflected on (he difiusing units by the lateral li^bt source 
becomes substantially uniform such that light and dark 
regions of a backlight source device can be avoided. TThe 
light guiding surfaces of the backlight source de\'ice can be 
formed such that different illuminatioDS of emitted light are 
easily fonned and illuminated. 

15 Claiins, 4 Drawing Sheets 
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BACKLIGHT SOURCE DEVICE . the diffusing units have an equal or unequal elevations. 

Preferably, the elevations of different light guiding surfaces 

BACKGROUND OF THE INVENTION ; are incremented with the distance increase to the laterallight 

1 TT* iH f th I f source. The projecting area of the diffusing unit on the 

1. tKia ot me invention ^ transparent Ught guiding plate is incremented as tlie distance 
Hie present invention relates to a backlight source device f^^^ ^^e lateral light source is increased. The ttackness of 

suitable for a LCD, a display screen, a backlight plate, a . transparent light guiding plate may be identical or 

broadcast plate, and other equipment having a backlight increased inversely proportional to the distance tc the lateral 

source device. ligbt source for reducing the light energy loss or the weight 

2. Description of the Prior Art jo and volume. The thickness of both sides of the iransparenl 
The light guiding plate 1 of a prior art baddight source light guiding plate may be identical or increased with the 

device is disclosed in FIGS. 1 and 2. The pattern for guiding ] distance to the middle thereof. As a consequence, when the 

lateral light source 11 is a plurality of trenches arranged in transparent light guiding plate are finished in a specific 

parallel formed by printing, or diffusing units formed by ; depth, different projecting areas of the light guidbig surfaces 

convex strips, or point matrix, or a plurality of trenches 15 are extendedly arranged. 

arranged in parallel vidth equal space and equal depth for : The light guiding surface is in parallel to said lateral light 

diffusing atKi reflecting a lateral light source 11. The areas of source or has an angle with the lateral light source. Even two 

all parts of the light guiding surface 12 thereof are identical, , sets of diffusing units are alternatively arranged with differ- 

and therefore, each part has identical illumination. cnt angles and crossed over with each other to form a more 

However, the light from the front surface of the light 20 uniform backlight effect. The areas of the light guiding 

guiding plate 1 of the prior art backlight source device is not surfaces increase with the distances to the middle of the light 

often used. Since the areas of all parts of the Ught guiding guiding plate. Thus, different areas of the light guiding 

surface are identical, and therefore, each part has identical surfaces are extendedly formed. The lateral Ught .source may 

illumination. In general, the central portion of the lateral '[ be a linear light source or a plurality of Ugjit sources 

light source 11 has illumination stronger than that of the two "25 arranged in one row. 

sides thereof. Thus, the prior art light diffusng trenches with , The present invention will be better understood and its 

equal depths, height and arranged in parallel will induce a numerous objects and advantages will become apparent to 

non-uniform light distribution of tiae, prior ait light guiding those skilled in the art by referencing to the following 

plate 1. Namely, the portion near the central porticm of the drawings in which: 
lateral light source 11 has stronger illumination, while the 

two sides of the lateral light source have weaker illumina- ' BRIEF DESCRIPTION OF THE DRAWliNGS 

tion. Thus, "Ught regions" and "dark regions" are formed. ^ ^^^^^ ^f a prior art backlight source 

This is not an ideal circumstance. device. 

SUMMARY OF THE INVENTION 35 FIG. 2 is a cross sectional view along the line 2— 2 of 

Accordingly, the object of the present invention is to '' . . . , _ . . » r. 

provide a b«:kUght source device, by which the light: ^ ^^-^ ^ * perspecUve ;;jfw of the embodiment of 

reflected on the dffiusing units by the Lteral light source i ^^^^^hght source device accordmg to the present mvention. 

becomes more umibrm. FIG- 4 is a cross sectional view along the Iboe 4-^ of 

Another object of the present invention is to provide a : 

backlight source device, by which, the light regions and dark FIGS. 5 and 6 are two lateral schematic views showing 

regions of a backlight source device are avoided. two different embodiments of the backUght source devices 

A further object of the present inventwn is to provide a P^^^^"^ invention. 

backUght source device, by which a pluraUty of light guiding 45 FIGS. 7-12 are perspective views of sevei al different 

surfaces of the backUght source device can be formed by a embodiments of the backlight source devices a ccording to 

simple design. Thereby, different iUuminations of emitted the present invention. 

Ught are easily formed and the iUuminalion thereof is,, FIG. 13 is an upper view of another embodiment of the 

improved greatly. backlight source device according to the present invention. 

In order to achieve the aforementioned objects, a back- ; so DETAILED DESCRIPTION OF THE 

hght source device of the present invenUon comprises a PREFERRED EMBODIMENT 
transparent hght guidii^ plate; a diffusing piece on the 

transparent Ught guiding plate; a reflecting piece below the , Some embodiments of the present invention are described 

transparent Ught guiding plate; and a lateral light source. A in the following so that the present invention may be further 
plurality of difhising units are installed on either front: 55 understood. 

surface or rear surface of the transparent light guiding plate, with reference to FIGS. 3-6, the backUght source device 

the diffusing units have respective light guiding surfaces of of the present invention primarily comprises a transparent 

different areas which are extendedly and continuously Ught guiding plate 2, a diffusing piece 3, a reflecting piece 

arranged. 4 (as the da^ed line shown in FIG. 4) and a lateral l^t 
In the present invention, the transparent Ught guiding 60 sourceS.ApluraUty of diffusing units 21 are installed on the 

plate can be formed by injecting, thermal pressing,, rear surface of the transparent light guidiug plate 2 (shown 

extrusion, molding, etc. The diffusing units thereon can be in FIGS. 3, 5 and 6). The diffusing units 21 are spaced with 

formed by cutting, discharging, etching, laser cutting, etc: an equal distance and have respective light guiding surfaces 

The diffusing unit has a convex shape or a concave shape. 22 of different areas (the detail is shown in FIG. 4). The 
The lateral cross section of the diffusing unit has a V shape, 65 diffusing piece 3 and the reflecting piece 4 are installed 

a U shape, or other equivalent shape, and may be distributed above and below the Iran^arenl light guiding plate 2 and the 

with equal or unequal distance. The l^ht guiding surfaces ot lateral Hght source is a linear Ught source. The area of each 
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1 0. The '069 patent is valid and enforceable, 

11. All requirements under 35 U.S'.C. § 287 have been satisfied with respect to 

i 

the *069 patent. j 

12. Samsung has been and is infringing the '069 patent by making, using, 

j 

selling, offering for sale, and/or importing in or into the United States, without autliority, 

products that fall within the scope of one or more claims of the '069 patent, including but 

j 

not limited to Samsung products bearing flat panel displays such as the Samsung netbook 
NP-N310-KA04US, notebook X460-41S, and,jHDTV UN32B6000. 

13. Samsung has been and is continuing to induce infringement of the *069 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '069 patent 

under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 

i 

sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '069 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

14. Samsung had and continues tO ihave actual knowledge of the '069 patent 

and their coverage of Samsung's infringing instrumentalities, but has nonetheless 

i 

engaged in the infringing conduct. Samsung'js infringement of the '069 patent was and 

! 

continues to be willful. 

i 

15. As a direct and proximate result of Samsung's acts of patent infringement, 

ITRI has been and continues to be injured and| has sustained and will continue to sustain 

ij ^ 

substantial damages. | 
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light guiding sur£ace 22 is shown in FIGS. 3 or 4, namely, a diffusing piece on said transparent light guidii^ pkte, 

the middle of the transparent light guiding plate 2 serves as said diffiising units are formed as two difEiisicig unit sets 

base and it is enlarged toward the two sides. The larger the : which are alternatively arranged on said transparent 

diffusing area, the better the light diffusing effect for com- light guiding plate; 

pcnsation the weak light region on the two sides. FIG. 5 5 „ ,^fl^.,»:„« u-i™, ♦ 

u *u , ,u ■ f A. .1, 1 f 1 ^ reflecting piece below said transparent hglit guiding 

shows that the diiiiismg unit 21 tar away from the lateral plate- and ^ ^ 

light source has a large diffusing area and has a preferred . 

diffusing effect so as to compensate the weak light region in ^ lateral light source. 

the farther place. Tbc diffusing units 21 on the front or rear 2. The backlight source device as claimed in claim 1, 

surfaces of the transparent light guiding plate 2 have a lo wherein said diffusing unit has a convex shape, 

convex (FIG. 6) or a concave (FIGS. 3 and 5) shapes. The 3, The backlight source device as claimed in claim 1, 

elevation of the light guiding surface 22 is increased with the wherein said diffusing unit has a concave shape, 

distance to the lateral light source 5. 4. The backlight source device as claimed in claim 1, 

The diffusing units 21 on the FIGS. 3, 5, and 6 have a V wherein said diffusing units are arranged with different 

shape lateral cross section. In HGS- 3, 5, 6, 7, fi, 9, it is P distances therebetween. 

appreciated that the thickness of the transparent li^t guid- S. The backlight source device as claimed in claim 1, 

ing plate 2 is increased inversely proportional to the distance wherein said diffusing units each includes a lateral cross 

to the lateral Hght source 5 for reducing the light energy loss section with a V shape. 

or the weight and volume thereof. FIGS. 10, 11, 12 show that 6. The backlight source device as claimed in claim 1, 

the thickness from the front side to rear side of the trans- ?0 wherein said diffusing units each includes a lateral cross 

parent light guiding plate 2 is identical. FIGS. 8, 9, U, 12 section with a U shape. 

show the thickness of the transparent light guiding plate 2, 7, jhe backlight source device as claimed ia claim 1, 

wherein the two transverse sides have thickness wider than wherein said diffusing units each includes a proj ecting area 

that in middle. , tjj^ projecting area of each of said diffusing units on said 

HG. 3 shows that the light guiding surface 22 is in parallel ^ transparent light guidii^ plate is incremented as Ibe distance 

with the lateral light source 5. FIG. 13 shows that the light \ from said lateral light source is increased, 

guiding surface 22 has an angle with the lateral Ught source. ': g. j^^ backhght source device as claimed in claim 1, 

Clearly, in FIG. 13, two sets of diffusing units are altema- wherein said Hght guiding-surfaces of said diff jsing units 

tively arranged with different ^gles and crossed over with have different elevations which are respectively incremented 

each other to form a more unifoitn backUght effect. ^ ^ j^j^^^l ^^^^ ^ 

As a result, the present invention has the following 9. jhe backlight source device as claimed in ckim 1, 

advantages: wherein said light guiding surface is parallel to said lateral 

1. The illumination of reflecting light in the front surface source. 

is enhanced, the loss is reduced and the average illu- 35 10. The backlight source device as claimed in claim 1, 

minalion of the backhght source device is improved. wherein said Ught guiding surface has an angle in alignment 

2. The dark and light regions of the backlight source with the lateral light source. 

device are disappeared so that the backlight area is '! u. Jhe backlight source device as claimed in claim 1, 

more uniform. wherein said light guiding surfaces include projecting areas 

3. The backlight source device of the present invention is l;*^ and the projecting areas of said light guiding surfaces 
easily febricated. increase as the distances from a middle portion of the light 

Althoi^h the present invention has been described using : guiding plate is increased, 

specified embodiment, the examples are meant to be illus- 12. The backlight source device as claimed in claim 1, 

trative and not restrictive. It is clear that many other varia- wherein said transparent light guiding plate includes a 

tions would be possible without departing from the basic ,45 jij-j,!^^^^ ^^^d the thickness of said transparent light guiding 

approach, demonstrated in the present invention. Therefore. ^^^^ d^cKis^s from the distance to said lateral light source. 

aU such vanations are intended to be embraced within the ^3 • ^^^^^ ^^^^ ^ ^^^^ ^ ^j^^ ^ 

'"maf ckST appended claims. ^berdnsaid transparent light gitiding plate includes at least 

1. A bfc^ght'source device, comprising: ' so f ^ the two sides of said transparent light guiding 

plate each has a thickness greater than that of a central 
portion of said transparent light guiding plate. 

14. The backlight source device as claimed in claim 1, 

a plurality of diffusing units installed on either the front wherein the lateral light source is a linear light source, 

surface or the rear surfece of said tnujsparent Ught ^j 15. jhe backlight source device as claimed in claim 1, 

guiding plate; wherein the lateral light source is a plurality of light sources 

said diffusing units having respective light guiding sur- j arranged in one row. 
faces with different areas which are extendedly and" 

continuously arranged; * * * * * 



a tran^arent light guiding plate having ffont and rear: 
surfaces; 
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ABSTRACT 



An electrode structure for a liquid crystal display includes a 
layer of pixel electrodes each having a herringbcae-shaped 
structure, a passivation layer and a layer of common elec- 
trodes, llie pixel electrodes are formed in paralle) above the 
common electrodes. The herringbone-shaped stntcture of a 
pixel electrode has a predefined turning angle between 45 
degrees to 90 degrees. The pixel electrode structure allows 
the liquid crystals in the display to rotate in two directions, 
clockwise and counterclockwise, to compensate for the 
color du^ersion caused by a wide viewing angle. 

8 Claims, 4 Drawing Sheets 
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ELECTRODE STRUCTURE FOR A WIDE ' provided herein below witfi appropriate reference lo the 
VIEWING ANGLE LIQUID CRYSTAL accompanying drawing?. 



DISPLAY 

FIELD OF THE INVENTION 



BRIEF DESCRIPTION OF THE DRAWIMGS 



■ FIG. 1 is a top view showing the electrode stricture of a 

The present invention relates generally to an electrode single pixel for a wide viewing angle liquid crystal display 

structuie of a liquid crystal display, and more particularly to according to the preferred emtodiment of (he preiient inven- 

an electrode stiuclure of a wide viewing angle liquid crystal ! tion. 

display. FIG. 2 shows the liquid crystal rotates in two opposite 

« . «,^„«T «.Tr. ^T, ™tx, directions according to the electrode structure of iJie present 

BACKGROUND OF THE INVENTION ' invention. 

A large number of liquid crystal display (LCD) panels ,: FIG. 3 shows the cross section along line 1-1' and line 

have recently been employed as display devices in electronic > 2-2' of FIG. 1 . 

products. The technologies of wide viewing angle liquid 15 FIG. 4 Qlustrates the brightness distribution in a single 

crystal displays have been disclosed very often in recent pixel of the electrode structure of the present invention when 

years. In a Taiwan patent application No. 88108187 entitled ; an electric voltage is applied. 
"Electrode Structure of A Wide Viewing Angle Liquid 

Crystal Display", an electrode structure for providing wide • DETAILED DESCRIPTION OF THE 
viewing angle is disclosed. The electrode structure com- 20 PREFERRED EMBODIMENTS 
prises an upper electrode layer having multiple comb-shaped pjg j ^ ^.^^ • ^^^^^^^^^ ^^^^^^^^^^ 
and parallel conductors on a glass substrate, a lower elec- , fo, ^ ^^^j^ ^^^^ ^ id 1 
trode layer having a TN-type conductor and a layer of y ^ccc^rdmg to the preferred embodimem of the 
non-conducuve insulator formed between the upper and ^^^^^^ invention. Referring to FIG. 1, the upper layer of the 
lower electrode layers. 25 electrode structure 100 comprises a pluraUty of pixel elec- 
ta the embodiment of the Taiwan patent application, the i trodes 101 each having a herringbone-shaped structure while 
pixel electrodes in the upper layer of the electrode structure the lower layer comprises a common electrode 192 having 
has a comb-shaped structure while the common electrode in a plate-sliaped structure. The scan signal line region 103 is 
the lower layer has a plate-shaped structure. A layer of , perpendicular to the data signal line region 104 to fonn a 
negative-type liquid crystal is used to fill the space between 30 pixel 

(be upper and lower^ass substrates of the LCD. TJe two , ^s shown in FIG. 1, a thin film transistor m used as a 

electrode layers are fabricated on the lower glass substrate. g^tching device is located near the crossing pDint of the 

The drawback of the electrode structure disclosed in the scan signal line r^ion 103 and the data signal Line region 

Taiwan patent application is that the liquid crystal driven by 104 in a single pixel. The scan signal line region 1.03 and the 

an electric voltage rotates toward one direction. Therefore, 35 j^^jg^ ^jg^^j ^^^^^ jq^ adjacent to the area where the 

the effect of color dispersion at different vievidng angle limits 1 pixel electrodes 101 are formed. 

the viewing angle of the LCD and degrades the quality of the j^^ thin fihn transistor is an active switching device that 

display. controls the charging and discharging of the pixel electrodes. 

SUMMARY OF THE INVENTION ^0 addition to the thin film transistor, the active switching 

device may also be a Metal Oxide Semiconductor (MOS) 

The present invention has been made to overcome the transistor, a diode, a Metal-lnsuIator-Mctal(MlM) transistor 

above-mentioned drawback of the electrode structure in the ' or a variable resistor according to the invention, 

prior art. The primary object of the invention is to provide 1 foUowing illustrates in detaU the electrode structure 

an electrode structure for a wide viewing angle liquid crystal ^f a wide viewing angle Uquid crystal display of the present 

display. The electrode struchire has upper and tower elec- : invention. The electrode structure including a common 

trode layeis. The pixel electrode in the upper layer has a ; electrode Uyer, a pixel electrode layer, and a passivation 

herringbone-shaped structure while the common electrode ' layer is formed above a glass substrate. On the top surface 

in the lower layer has a plate-shaped stmcture. of the glass substrate, there are multiple scan signal lines, 

The liquid crystal display has two separated glass sub- multiple data signal lines, multiple switching elements, and 

strates between which Hquid crystals are filled. Multiple a layer of common electrodes. The passivation layer is made 

scan signal lines, multiple data signal lines, multiple switdi- | of a transparent non-conductive insulator and located 

ing elements, and a layer of commoa electrodes are fabri* between the common electrode layer and the pixel electrode 

cated on the surface of the lower glass substrate. The scan . layer. The passivation layer can be formed by depositing or 

signal lines are perpendicular to the data signal lines in order 55 growing an insulator film on the thin film transistor, 

to form a pixel matrix. A passivation layer made of a ;; For every single pixel, the data signal line is located above 

transparent non-conductive insulator is formed between the and perpendicular to the scan signal line. At least 1 switching 

layer of pbcel electrodes and the layer of common electrodes. : element such as a thin film transistor 105 is fabricated near 

The herringbone-shaped structure of the pixel electrodes the crossing point of the scan signal line and the data signal 

allows the liquid crystal molecules to rotate in two leo line. The gate terminal of the switching element connects to 

directions, clockwise and counterclockwise. The color dis- the scan signal line, the drain terminal connects to the data 

persion caused by a wide viewing angle is thus compensated ; s^al line and the source terminal connects to the pixel 

for. The herringbone-shaped structure also helps to maintain electrode. 

the brightness of pixels. As mentioned above, the pixel electrode has a 

The foregoing and other objects, features, a^ects and ,65 herringbone-shaped structure. Pixel electrodes att formed in 

advantages of the present invention will become better parallel. The turning angle 9 shown in FIG. 2 in the 

understood from a careful reading of a detailed descrq>tion heningbone-shaped structure is within a pre-delined ran^, 
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about 45 to 90 degrees. The herringbone-shaped structure of 
the pixel electrodes allows the liquid crystal molecules 201 
to rotate in two directions, clockwise and counterclockwise. 
As shown in FIG, 2, the liquid crystal molecules 201 rotates 
in both clockwise and counterclockwise directions by a 0 
angle. The color dispersion-caused by a viewing angle is 
thus compensated for and the effect of color disperaon is 
reduced. 

The heningbone-shaped structure of the pixel electrodes 
maintains the brightness above the pixel electrodes in the 
certain range of 0. The intensity is proportional to the square 
of sin 20, therefore, if the turning angle 8 is less than 45 
degrees, the maximal value of 0 is also less than 45 degrees. 
The pixel brightness will not reach its maximum value. 

According to the invention, the electrode pitch in the layer 
of pixel electrodes is about 1 to 15 jum and the electrode 
width is about 1 to 10 fim. In the structure of a single pixel, 
the herringbone-shaped pixel electrodes 101 and the com- 
mon electrode 102 both keep a distance from the scan signal 
line r^oQ 103 and the data signal line, region 104. They do 
not cross over the scan signal Kne region 103 and the data 
signal line region 104. 

FIG. 3 shows the cross section along line 1-1* and line 
2-2' of FIG. 1. Along line 1-1' of FIG. 1 is the steps of 
fabricatiiig the thin film transistor, the data line and the scan 
line. Along line 2-2' is tlie steps of fabricating the pixel 
electrodes 101 and the common electrode 102. 

Referring to FIG. 3, the cross section along line 1-1' of 
FIG. 1 illustrates in detail every layer of the structure above 
the sub^rate. A metallic layer of the scan signal line 301 is 
first formed above the glass substrate 303. Then, the glass 
substrate 303 is covered with an insulator layer 304 and an 
island-like region 305 is formed to provide an active layer 
for the thin film transistor. The thin film transistor comprises 
at least a gate, a drain, and a source. The gate terminal of the 
thin film transistor connects to the scan signal line 301, the 
drain terminal connects to the data signal line 307 and the 
source terminal connects to the pixel electrodes 306. 

The present invention forms a layer of plate-shaped 
common electrodes 306. The plate-shaped common elec- 
trodes 306 can be made of transparent or non-transparent 
conductive materials. The general transparent conductive 
materials may be indium-tin-oxide (ITO), SnO^, N type 
amorphous silicon fihn, N type poly-silicon film, P type 
poIy-siltooD film, and ZnO, etc. Non-transparent conductive 
material may be other metallic material. The plate-shaped 
common electrodes 306 do not cross over the island-like 
region 305, as shown in FIG. 3. 

Above the island-like region 305 is a metallic layer of data 
signal Hnes 307. A passivation layer 308 is further used to 
cover the substrate. Similarly, the electric contact with the 
data signal line metallic layer 307 can be established by 
forming multiple contact holes outside the pixel region. 

Along line 2-2' of FIG. 1 is the steps of forming the layer 
of pixel electrodes. A layer of herringbone-shaped pixel 
electrodes 309 is fabricated above the layer of common 
electrodes 306 and the passivation layer 308. The 
lieriii^boDe-sbaped pixel electrodes 309 can be made of 
transparent or non-transpaioit conductive materials. 

As mentioned above, the structiue of the herringbone- 
shaped pixel electrodes preserves the br^htness of pixels. 
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FIG. 4 illustrates the distribution of brightness in a single 
pixel of the electrode structure of the present invention when 
an electric voltage is applied. The brightness at tlie middle 
portion 401 of the herringbone-shaped pixel electrode is 
5 almost zero. However, more than 70% effective transmis- 
sion of Hght can be achieved at regions 402, 403, 404, and 
405 that are parallel to each other. 

Although this invention has been described witli a certain 
id degree of particularity, it is to be understood that the present 
disclosure has been made by way of preferred embodiments 
, only and that numerous changes in the detailed structure and 
combination as well as arrangement of parts may be restored 
to without departing from the spirit and scope of Lhe inven- 
ts tion as hereinafter set forth. 
What is claimed is: 

1. An electrode structure of a wide viewii^ acgle liquid 
crystal display comprising: 

20 a scan signal line; 

a data signal line perpendicular to said scan signal line, 
said scan signal line and said data signal line defining 
a pixel area; 
25 a common electrode in said pixel area; 

a passivation layer above said common electrode; and 

a plurality of pixel electrodes each having a hemngbone- 
shaped structure and running substantially in parallel 
with said data signal line above said passiviation layer 
and said common electrode; 

wherein said common electrode has a plate-she ped struc- 
ture substantially filling said pixel area below said 
plurality of pixel electrodes. 

2. The electrode structure of a wide viewing aiigle liquid 
crystal display as claimed in claim 1, said herrii^bcMie- 
shaped structure having a mming angle ranginj^ from 45 
degrees to 90 degrees. 

3. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, said phirality of pixel 
electrodes having a pitch ranging from 1 to 15 /.;m and the 
width of each pixel electrode ranging firom 1 to 10 /mi. 

4. Hie electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, wherein said common 
electrode is made of indium-tin-oxide, SnOj, N- :ypc amor- 
phous silicon film, N type poly-silicon film, P type poly- 
silicon fihn, or ZnO. 

5. The electrode structure of a wide viewing angle hquid 
crystal display as claimed in claim 1, wherein said pixel 
electrodes are made of indium-tin-oxide, SnOj, N-type 

li amorphous silicon film, N type poly-silicon fi'jn, P type 
poly-silicon film, or ZnO. 

6. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, wherein said pixel 
electrodes are made of metal material. 

7. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, further comprising a 
switching device. 

8. The electrode stmcture of a wide viewing angle liquid 
crystal display as claimed in claim 7, said switching device 
bein^ a thin film transistor. 
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16. Unless Samsung is enjoined by this Court from continuing their 
infringement of the *069 patent, ITRI will suffer additional irreparable hanm and 
impairment of the value of its patent rights. | 

17. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 

within the meaning of 35 U.S,C. § 285, and ITRI is entitled to recover its reasonable and 

•i 

necessary attorneys' fees, costs, and expenses.;, 

i 

IV. INFRINGEMENT OF U.S. PATENT NO. 6,164,791 

18. On December 26, 2000, the USPTO issued U.S. Patent No. 6,164,791, 

\ 

entitled "Backlight Source Device" (hereinafter *the '791 patent"). A true and correct 
copy of the *791 patent is attached hereto as Exhibit B . 

i 

19. ITRI is the owner of all right, title, and interest in and to the '791 patent by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the! right to recover future royalties, damages, 

and income. I 

] 

20. The '791 patent is valid and enforceable. 

21 . All requirements under 35 U.S.£. § 287 have been satisfied with respect to 
the *79l patent. | 

22. Samsung has been and is infringing the '791 patent by making, using, 

li 

selling, offering for sale, and/or importing in or into the United States, without authority, 

ii 

products that fall within the scope of one or more claims of the '791 patent, including but 

not limited to Samsung products bearing flat panel displays such as the Samsung netbook 

ii 

NP-N3 10-KA04US, notebook X460-41S, and HDTV UN32B6000. 

i 

li 
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ABSTRACT 



5;500.942 A * 4/1994 Dolgofl 345j32 

5,463,468 A * lQ/1995 Tabmadii et al 



A fast time-sequential color separator that can fast-switch to 
'output various wavelength ranges of lights having hi] jh color 
purity and a high contrast ratio, which includes: a prism 
module to separate an incident li^t into various wa^'elength 
jranges of light beams which are emitted from variou!> prisms 
of ^e prism module; a plurality of ferroelectric liquid crystal 
panels, rei^'^tivcly placed on emeiging surfaces of tlie 
various wavelength nnges of light beams, to reflect the 
various wavelength ranges of light beams to th: prism 
module; and a power supply, respectively connected to the 
plurality of ferroelectric Uquid crystal panels, to fast-switch 
the liquid crystal panels, respectively, to sequentially emit 
the various wavelength ranges of light beams from tlie prism 
module. Furthermore, a full color LCD projector can be 
constructed by the ccbr separator, a transmissive or reflec- 
nive fast response display element such as a liquid crystal 
; light valve, and other elements such as micio-mirrois, etc. 

18 Claims, 9 Drawing Sheets 
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FIG. 1 
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FIG. 2 
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23. Samsung has been and is continuing to induce infringement of the *791 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '791 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '791 patent. The infringing 

instrumentalities have no substantial non-infringing uses. 

II 

24. Samsung had and continues to; have actual knowledge of the '791 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung js infringement of the * 791 patent was and 
continues to be willful. 1 

25. As a direct and proximate result of Samsung's acts of patent infringement, 

ITRI has been and continues to be injured and has sustained and will continue to sustain 

1 

substantial damages. j 

26. Unless Samsung is enjoined by this Court from continuing their 

t 

infringement of the *791 patent, ITRI will suffer additional irreparable hami and 

;i 

impairment of the value of its patent rights, ii 

i 

27. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptiona l case 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 

i 

necessary attorneys' fees, costs, and expenses. ;j 
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TIME-SEQUENTIAL COLOR SEPARATOR separation and recombination. The three FLC paneti 70, 72 

AND LIQUID CRYSTAL PROJECTOR USING and 74 are controlled by a time-sequential pulse 110 to emit 

THE SAME the light beams of red color, green color and blue color in 

sequence. The switching ^eed of the field sequential color 
s projection display system can achieve 0.05 msec. 
BACKGROUND OF THE INVENTION Furthermore, there is substantially no energy loss for the 

li^t beams of three primary colors since the system is 

1. Field of the InvenUon constincted by dielectric interference filters. However, the 
The present invention relates to a color separator, espe- alignment of this prior-art system is difficult. 

ciaUy to a time-sequential color separator and a liquid lo The drawback of the above-described prior arts using 

crystal projector mchxding the color separator. panels is the limitation of contrast ratio when a Ught 

2. Description of the Related Art beam passes through the FLC panel. Therefore, in order to 
Conventional color separators are normally classified into overcome the shortcomings of the prior art, it is important to 

mechanical type and electronic type. The former uses vari- increase the contrast ratio of the light valve, as well as the 

ous color filters to mechanically separate color lights from response speed of the FLC panel. 

an incident white light. Such a mechanical type color ciimmady np THP HMVPNTinM 

separator normally has a complex structure, a big volume auwiiviAKi ur inn vo> iiuin 

and all of the drawbacks due to mechanical movement. The Accordingly, an object of the present invention is to' 

latter is constructed by electronic circuits and light valves. provide a fast lime-sequential color separator that can be fast 

Therefore the quality of an electronic type color separator is 20 g^tched to output various wavelength ranges of lights 

related to the response speed of light valve, the having high color purity and high contrast ratio. 

transmittance, the color purity and the contrast ratio. , A full color LCD projector can be constructed by t!ie color 

A conventional electronic type color separator as dis- separator, a Iransmissive or reflective fast-response display 

closed in U.S. Pat. No. 4,232,948 by Shanks uses a Uquid element such as a liquid crystal light valve, and other 

crystal hght valve, which can change the polarization of a elements such as micro-minors, etc. 

hght pacing therethrough, and a retarder having a birefrin- i ^^^j^ non-absorption of the 

gence effect to change the observed color of Che light passmg :interferencc polarizer and large aperture ratio, high contrast 

through the device. The transmittance, the switching speed ^^^^^ ^j^^ ^^g^^j.^^ fertcelectric 

Mdthecolorpumyobtamedby^chac^^^^^ to cons^it^lc a three primary color 

desirable. Furthermore, m U.S. Pat. No. 5347,378, Hand- separator. The polarized incident white light is separa ted into 

schy et al. utilize a structure which oombmes a color- ^^'^ ^-^j ^^^^^ ^^^^^ • ^^l^^^ ^ ^^^^ fiu,^ 

selective filter with a fast-switching hquid crystal hght a time-sequentially^ontrolled single-pixel reflective FLC 

valve. However, the transmittance and the color purity , sequentially reflects the color light beaim to a 
obtamed by the cotoi separator aie shU not satisfactory. ^ '^^^^ ^^^^ j^C display. The frame frequency of the 

Accordingly, in ''High Brighlness Saturated Color Shutter display can be larger than 0.15 MHz. The CIE coor- 

Tcchnology," SID Symposium, \6l 27, p.411, 1996 by dinates of the three primary colors obtained by llie cotor 

Sharp and Johnson and "Retarder Stack Technology for separator of this invention are (x=0.65, y=0.31), (x-0.28, 

Color Manipulation," SID, 1999, by G. D. Sharp and T. R. y-0.69) and (x-0.12, y-0.09), respectively. 
Brige, a time-sequential three primary color switch having a ^ p^^her scope of the applicability of the present invention 

high response speed and a saturated chromaticity, which ^ the detailed description given 

combines a polarization retarder stack (PRS) and a fast- ihcremafter. However, it should be understood that the 

switching liquid crystal light valve, is disclosed. The device ^^i^i^^ description and specific examples, while in^dicating 

disclosed in U.S. Pat. No. 5,751,380 was developed by p^ferred embodiments of the invention, are given by way of 

ColorLink, Inc., as a commercial product known as "Col- illustration only, since various changes and modilicalions 

orSwitch a". The relevant description can be referred to m ^ jj-^ invention bill become 

"High Throughput Color Swtch for Sequential Color iappareni to those skilled in the art from this detailed descrip- 
Piojector." SID 2000 Digest, p.96, 2000, by G. B, Sharp, et 
al. 

FIG. 1 Ulustrates the structure of the color switch dis- 50 BRIEF DESCRIPTION OF THE DRAWINGS 

closed by G. B. Sharp, in which the reference numeral ID , jhe present invention can be more folly understood by 

and 20 respectively represent visible Ught polarizer, the reading the subsequent detailed description in coniunction 

reference numeral 1, 2, 3 respectively represent hght valve ^-^^ examples and references made to the accora panying 

units of red color, green color and blue color. The red-color drawings, which are given by way of illustration 0 oly, and 
light valve unit 1 includes a ferroelectric liquid crystal 55 thus are not limitative ofthc present invention, and wherein: 



FIG. 1 ^ a diagram ilhistrating a prior-art color separator; 



(FLC) panel 100, a front PRS 11 and a rear PRS 12. The 

green-color light valve unit 2 includes an FLC panel 200, a , . ,. .„ . ■ ^ 1 

front PRS isl^ a rear PRS 14. The blue-color hght valve ^ ^ ^ ^''^'"^ lUustrating another pnor-art color 

unit 3 includes an FLC panel 300, a front PRS 15 and a rear separator, 

PRS 16. A time-sequential pulse 400 is respectively con- go ^ ^ * ^Jiagrani illustrating a color separator according 

nected to the FLC panels 100, 200 and 300 to emit the to one embodiment of this invention; 

polarized red light, green light and blue light in sequence. FIGS. 4A to 4F are spectral diagrams of the dichroic 

Refer to FIG. 2, which is relevant prior art disclosed by fil'^^s in the prisms of FIG. 3; 
the inventor and filed as a patent application entitled as FIG. 5 is a diagram illustrating a color separator acwording 

"FIELD SEQUENTIAL COLOR PROJECTION 65 to another embodiment of this mvention; 
DISPLAY", whose application No. is 09/524,051. In this FIG. 6Ato 6F are spectral diagrams of the dichroic filters 
prior art, the dichroic prisms 90-95 are used for cotor in the prisms of FIG. 5; 
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FIG. 7 is a diagram iilu^ating a liquid crystal projector prism 130. When the FLC panel IfiO is switch-oG^ the 

including the color separator of this inventioii; parallelly polarized blue light Pb is reflected by tl« FLC 

FIG. 8 is a diagram illustrating another liquid crystal panel 160 and mainlains its polarization. The rcBected 

prorjertor including the color separator of this invention; and parallel polarized blue hght Pb' passes through the prisms 

FIG. 9 illustrates the CIE coordinates for the light beams ^ ^^8 and 124 and is then reflected by the prism 120 and 

of three primary colors obtained by using the coloTseparator ^'^'Sf^ ^^^'^^'^^ 

of this invention. According to the description above, if a fast pulse voltage 

source is connected to the FLC panels 140, 150 and 160, the 

DETAILED DESCRIPTION OF THE vertically polarized lights of red color, green color and blue 

PREFERRED EMBODIMENT 10 color can be sequentially brought out from the right side of 

Referring to FIG. 3, this invention includes a prism the prism 130. 

module that is constructed by six dichroic prisms 120, 122, According to another embodiment of this invention, the 

124, 126, 128 and 130, that separate an incident light into color separator is constructed as shown in FIG. 5, %ybich is 

various wavelength ranges of light beams which are emitted similar to the embodiment of FIG. 3. However, the incident 

from various prisms of the prism module; fenoelectric liquid light in this embodiment is a vertically polarizf :d white 

crystal paneb 140, 150 and 160, respectively placed on light Is. The ^clrum of the dichroic prism 220 is a:, shown 

emerging surfaces of the various wavelength ranges of light PIG- ^A. The spectrum of the dichroic prism 222 is as 

beams, for reflecting the various wavelength ranges of light shown in FIG. 6B. The spectrum of the dichroic prism 224 

beams to the prism module; and a power supply, respectively is as shown in FIG. 6C. The spectrum of the dichroic prism 

connected to the fenoelectric liquid crysUl panels 140, ISO 226 is as shown in FIG. 6D. The spectrum of the dichroic 

and 160, for fast-switching the liquid crystal panels, ; prism 228 is as shown in FIG, 6E. The spectrum of the 

respectively, to sequentially emit the various wavelength dichroic prism 230 is as shown in FIG. 6F. 

ranges of Hght beams from the prism module. The spectrum Referring to FIG. 7, the color separator of this invention 

of the dichroic prism 120 is as shown in FIG. 4A. The ^ can be combined with a transmissive liquid crystal display 

spectrum of the dichroic prism 122 is as shown in FIG. 4B. module 170 and a projection lens set 180 to constitute a 

The spectrum of the dichroic prism 124 is as shown in FIG. time-sequential full color liquid crystal projector. Another 

4C. The spectrum of the dichroic prism 126 is as shown in embodiment is as shown in FIG. 8, in which tie color 

FIG. 4D. The spectrum of the dichroic prism 128 is as shown separator is combined with a reflective liquid crystal display 



in FIG. 4E. The spectrum of the dichroic prism 130 is as 
shown in FIG. 4F. 

When a paraUel-polarized white hght is incident to the 
prism module, the red component Pr of the parallel- 



module 190 and a projection lens 180 to con&titute a 
time-sequential full color liquid crystal projector. 

The CIE coordinates of the light beams of red color, green 
color and blue color of the full color liquid crystal projector 



polarized white light passes through the prisms 120 and 122 using the color separator of this invention are plotted in FIG. 

and is incident to the FLC panel 140. When the FLC panel 35. 9. In the drawing, the triangular area indicated by the symbol 

140 is switch-on, the parallel-polarized red light Pr '*0"rq)resents the gamut of the prior-art color switch called 

(indicated by soHd line in the drawing) is reflected and "ColorSwitch a", and the triangular area indicated by the 

converts into a vertical-polarized red hght Sr, which is then symbol "A" represents the gamut of the color sej arator of 

reflected by the prism 122 to pass throi^h the prisms 126 this invention. It is found that the color separatoi of this 

and 130 and emerges from the prism 130. When the FLC ^ invention can obtain color lights having a better color purity, 

panel 140 is switch-off, the polarization of the parallel- Compared with the prior arts, this invention has the 

polarized red light Pr is not changed, the parallel-polarized , following advantages- 

redUghtPrisreflectedby fl,eFLCpanell40topa^ ^ ^^^^ ^^^^^ ^ ^ .^ ^^^^ 

Uie pr^ms 122 and 120. The reflected paraUel-polan«d red p^C panels used are reflective liquid crystal 

hght Pi* emerges firom the pnsm module along the mcident 45 nanels 
optical path. 

The green component Pg and the blue component Pb of ^^P^^*^^'^ 

the parfuelly poUriod white light is directed toward the ^"l^; transmissive liquid crystal panel as «hown m 

prism 124 after it is reflected by the prism 120. The ^' 

paralleUy polarized green Hght Pg is reflected by the prism 50 ("0 the manufacturing process is simple since no preci- 

124 to pass through the prism 126 and is then incident to the ^ion alignment is required. 

FLC panel 150. When the FLC panel 150 is switch-on, the (iv) the light can be reflected back along thi; incident 

parallel-polarized green light Pg is converted to a vertical- optical path when the FLC panel is switchmff, 

polarized green tight Sg, which is reflected by prism 126 and therefore it is not necessary to use any absorber to absorb 

emerges from the prism 130. When the FLC panel 150 is 5s the useless light. 

switch -oflE, the parallel-polarized green Hght Pg is reflected Finally, while the invention has been described by way of 

and maintains its polarization. The reflected parallel- example and in terms of the preferred embodiment, it is to 

polarized green light Pg' passes through the prism 126 and fee undMstood that the invention is not limited to the 

is sequentially reflected by the prisms 124 and 120 and disclosed embodiments. On the contrary, it is intended to 

emerges from the prism module. cover various modifications and similar arrangements as 

The blue component Pb of the parallel-polarized white would be apparent lo those skilled in the art. Therefore, the 

hght is reflected by the prism 120 to pass through the prisms scope of the appended claims should be accorded the 

124 and 128, and then incident to the FLC panel 160. When broadest interpretation so as to encompass all such modifi> 

the FLC panel 160 is switch-on, the parallel-polarized blue cations and similar arrangements, 

light Pb is reflected by the FLC panel 160 and is converted 6S What is claimed is: 

to a vertically polarized blue li^t Sb, whidi is sequentially 1. A fast time-sequential color-separating device includ- 

reflected by the prisms 128 and 130 to be emaged firom the ing a plurality of modules sequentially connected to each 
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other, in which each module includes a dichroic minor, 
which can pass a certain wavelength range of light having a 
first polarization and reflect the other wavelength range of 
light having a first polarization, a polarizing beam-splitter 
for said certain wavelength range and a liquid crystal panel 
that can change the polarizadon of a light reflected by the 
liquid crystal panel if an external electric field is applied 
thereto, wherein the light having a first polarization reflected 
by the liquid crystal panel is reflected along the incident 
optical path while no external electric field is applied to the 
liquid crystal, the 1^1 having a first polarization reflected 
by the liquid crystal panel becomes a light having a second 
polarization if an external electric field is applied thereto, the 
l^ht having a second polarization is then reflected by the 
polarizing beam splitter and is emitted along a direction that 15 
is orthogonal to the incident light, various modules passing 
various wavelength ranges are connected one by one, an 
external electric field is sequentiafly applied to the liquid 
crystal panel of each module, so that various wavelength 
ranges of lights having a first polarization is turned to lights 20 ' 
havic^ a second polarization and are sequentially emitted 
along the direction orthogonal to the incident Ught. 

2. The color-separating device as claimed in claim 1 
wherein the liquid crystal panel is a ferroelectric liquid 
crystal panel. 25 

3. The color-separating device as claimed in claim 1 
wherein the various wavelength ranges include the wave- 
length ranges of red light, green light and blue light. ' 

4. A fast time-sequoitial color-separating device includ- 
ing: 30i 

a prism module for separating an incident light into 
various wavelength ranges of light beams which are 
emitted from various prisms of the prism module; 

a plurality of ferroelectric liquid crystal panels, respec- 
tively placed on emerging surfaces of the various , 
wavelength ranges of light beams, to reflect the various 
wavelength rai^s of li^t beams to the prism module; 
and 

a power supply, respectively connected to the plurality of 
ferroelectric liquid crystal panels, for fast-switching the 
liquid crystal panels, respectively, to sequentially emit 
the various wavelength ranges of light beams bom the 
prism module. 

5. The color-separating device as claimed in claim 4 
wherein the prism module includes six dichroic prisms. 

6. Hie color-separating device as claimed in claim 4 
wherein the power supply is a contiimous pulse source. 

7. The cobr-separating device as claimed in claim 4 
wherein the number of the ferroelectric liquid crystal panels 
is 3. 



8. The color-separating device as claimed in claim 4 
wherein the various wavelength ranges include the wave- 
length ranges of red Ught, green light and blue ligtt. 

9. The color-separating device as claimed in claim 5 
wherein the dichroic prism is replaced by a dichroic mirror. 

10. A fast time-sequential color-separating liquid, crystal 
projector including: 

a prism module that separates an incident Hght into 
various wavelength ranges of Hght beams which are 
emitted from various prisms of the prism module; 

a plurality of ferroelectric liquid crystal panels, respec- 
tively placed on emerging surfaces of the various 
wavelength ranges of light beams, to reflect the various 
wavelei^th ranges of light beams to Uie prism module; 
and 

a power supply, respectively connected to the plurality of 
ferroelectric liquid crystal panels, fast-switcliing the 
liquid crystal panels, respectively, to sequentially emit 
the various wavelength ranges of light beams from the 
prism module; 

a display module that receives and modulates the various 
wavelength ranges of light beams sequentially emitted 
fi:om the prism module and then projects modulated 
light beams. 

11. The liquid crystal projector as claimed in claim 10 
wherein the display module is a single panel of transmissive 
liquid crystal light valve. 

12. The liquid crystal projector as claimed in claim 10 
wherein the display module is a single panel of inflective 
liquid crystal light valve. 

13. The Liquid crystal projector as claimed in claim 10 
wherein the various wavelength ranges include the wave- 
length ranges of red light, green light and blue lij;ht. 

14. The liquid crystal projector as claimed in claim 10 
wherein the prism module includes six dichroic prisms. 

15. The liquid crystal projector as claimed in claim 10 
wherein the number of the ferroelectric liquid crystal panels 
is 3. 

16. The liquid crystal projector as claimed in claim 10 
wherein the power siqvply is a continuous pulse source. 

17. The liquid crjstal projector as claimed in claim 11 
wherein the liquid crystal light valve is a ferroelectric liquid 
crystal light valve. 

18. The liquid crystal projector as claimed in claim 12 
wherein the liquid crystal light valve is a ferroelectric liquid 
crystal l^ht valve. 
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(57) ABSTRACT 

An apparatus for improving uniformity used in bucklight 
module is disclosed, which inchides a plurality of %bt 
sources for providing an illuminating light; a reflective 
housing adjacent to the light sources for receiving tbe light 
sources and reflecting the iUuminating light; and at least one 
structured arc sheet locating at the periphery of tlie light 
source for making the illuminatiiig light uniform. 

10 Claims, 4 Drawing Sheets 
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APPARATUS FOR IMPROVING 
UNIFORMITY USED IN A BACKLIGHT 
MODULE 

BACKGROUND OF THE E^TVENTION 

1. Field of the Invention 

The present invention relates to an apparatus for improv- 
ing uniformity used in a backlight module and, more par- 
ticularly, lo an apparatus that provides improved illumina- 
tion uniformity for a liquid crystal display ^CD) or a liquid 
crystal TV. 

2. Description of Related Art 

Currently, there are two types of ligtiting module for a flat 
panel display. One is the back type, and the other is the front 
type. The backlight module is further classified as a side- 
light (edge-light) type and a directly-under-light (bottom 
light) type according to their locations of light sources. The 
directly-under-light bacld^ module is mostly used in a 
stationary product, such as a desktop LCD or an LC TV as 
it has a heavy appearance. Because the light source of a 
directly-under-li^t backlight module is located right under 
the displaying area, the profile of the light sources easily 
causes a non-uniformity of brightness, shadows, or line 
defects to the displaying image. Generally, a light-difi&ising 
sheet is used to uniformly d:^se the illuminating light so 
that the shadovra or line defects are bhirred. Additionally, 
some light diB^ing sheets are mounted with micro particles 
having various sizes and densities for refracting or diffusing 
the illuminating light as uniformly as possible. However, the 
illuminating light will be absorbed when passing through the 
light-diffusing sheet and only about 50% of the original is 
remains, which leads to a low efficiency of Ugfat utility rate. 

Therefore, it is desirable to provide an improved an 
apparatus for improving uniformity used in a backlight 
module to mitigate and/or obviate the aforementioned prob- 
lems. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide an 
apparatus for improving uniformity used in backlight mod- 
ule so that the shadows or line defects are prevented from 
appearing, the uniformity and utility rate of illuminating 
light are increased, and an improved image quality is 
obtained. 

To achieve the object, the apparatus for improving uni- 
formity used in backlight module of the present invention 
includes a plurality of light sources for providing an illu- 
minating light; a reflective housing adjacent to the light 
sources for receiving the light sources and reflecting the 
illuminatir^ light; and at least one structured arc sheet 
locating at the periphery of the lig^t source for making the 
illuminating light uniform. 

The Ught source of the apparatus for improving unifor- 
mity used in bacJdight module of the present invention is 
preferably a light-emitting diode, an electro-luminescent 
device, or a cold cathode fluorescent lamp. The arrangement 
of the light sources is not restricted. Preferably, the light 
sources are parallel and equally spaced to each other. Pref- 
erably, the reflective housing of the present invention is 
made by stamping or by extrusion. More preferably, the 
surface of the reflective housing is coated with a reflecting 
and diffusing material. The apparatus for improving unifor- 
mity used in the backlight module of the present invention 
preferably further comprises a Kght enhancement unit for 
raising the semi-brightness angle of the illuminating light. 



3,992 B2 

2 

and more preferably the light sources are located between 
the Hghi enhancement unit and the reflective bousing. The 
structured arc sheet of Uie present invention is preferably 
made of total reflection, transparent, or semi-reflection and 

5 semi-transparent materials. The curvature diametei of the 
structured arc sheet is not restricted and is pieferabl) longer 
than the diameter of the CCFL. The structured arc isheet is 
preferably made of metal, polymethyl methacrylate 
(PMMA), polycarbonate (PC), or gjass. Preferably, each of 

10 the light sources of the present invention has two structured 
arc sheets at its periphery, and the angle indued by the two 
stmctured arc sheets ranges from 30 degrees to 270 degrees. 
The relative position of the two structured arc sheets is not 
restricted, and could be at the same plane or not Preferably, 

15 the structured arc sheets are at the same plane. Tbi thick- 
nesses of the structured arc sheets could be the same or 
different, as could be the curvatures of the structi.red arc 
sheets. Preferably, the apparatus for improving uniformity 
used in the backlight module of the present invcntior, is used 

20 in a liquid crystal display (LCD). 

' Other objects, advantages, and novel features of the 
invention will become more apparent from the following 
detailed description when taken in conjunction v/ith the 
accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a preferred embodiment of 
the backlight module of the present invention; 
30 ; FIG. 2 is a cross-section that illustrates the pathwjiy of the 
illuminating light of the preferred embodiment of the present 
invention; 

FIGS. 3a~3c are perspective views of the variois com- 
binations of the structured arc sheets of the present inven- 
35 lion; 

FIG. 4 shows the simulation result of the preferred 
embodiment of the present invention; and 

FIG. 5 shows the simulation result of no structured arc 
sheet. 

40 

DETAILED DESCRIFnON OF THE 
PREFERRED EMBODIMENT 

With reference to FIG. 1, there is shown a peispective 

45 view of a preferred embodiment of the present invention. 
The liquid crystal display 1 includes a liquid crystal, module 
(LCM) 10 and a backlight module 20. The liquid crystal 
module 10 is composed of two substrates and a liquid crystal 
layer therebetween. The backlight module 20 has a plurality 

50 of light sources 21, a reflective housing 22, and structured 
arc sheets 23. The light sources 21 are parallel cold cathode 
fluorescent lamps below the liquid crystal module 10 to 
which the li^t sources provide the illuminating light. The 
rcflec^ve housing 22 is below the tight source:; 21 for 

55 receiving the Ught sources 21 and reflecting the illuminating 
light. The structured arc sheet 23 may be located at any side 
of the light source 21 and between the liquid crystal module 
10 and the reflective housing 22. In the present example, two 
reflective structured arc sheets are mounted over each CCFL 

60 for alternating the pathway of the illuminating light and 
making the illuminating light uniform. 

With reference to FIG. 2, there is shown a cross-section 
that illustrates the pathway of the iUuminatii^ light of the 
preferred embodiment of the present invention. Tte illumi- 

69 nating light 301 from lamp 30 is reflected by the structured 
arc sheets 23 or the reflective housing 22 firstly, then 
reflected by the reflective housing 22 or the structured arc 
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V. INFRINGEMENT OF U.S. PATENT NO. 6,411,357 

j 

28. On June 25, 2002, the USPTO issued U.S. Patent No. 6,41 1,357, entitled 
"Electrode Structure for a Wide Viewing Angle Liquid Crystal Display" (hereinafter "the 
*357 patent"). A true and correct copy of the |357 patent is attached hereto as Exhi bit C . 

29. ITRI is the owner of all right, title, and interest in and to the '357 patent by 

j 

assignment, with fiill right to bring suit to jenforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 

and income. ! 

I 

30. The '357 patent is valid and enforceable. 

S 

31. All requirements under 35 U.S.C. § 287 have been satisfied with respect to 

'I 

the '357 patent. ' 

li 
i 

32. Samsung has been and is infringing the '357 patent by making, using, 

;'i 

selling, offering for sale, and/or importing in or into the United States, without authority, 

i 

products that fall within tihe scope of one or more claims of the '357 patent, including but 

i 

not limited to Samsung products bearing flat panel displays such as the Samsung display 
LN40A630M1F. I 

i 

33. Samsung has been and is continuing to induce infringement of the '357 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '357 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims' of the '357 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 
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sheet 23, respectively, and finally arrives at the regions 100 
and 200. Intuitively, the line defects over the rim of lamp 30 
are avoided. However, the illumination of the region 300 
over the lamp 30 is reduced. Therefore, the parameters of the 
stmchired arc sheets, such as curvature, shape, thickness, s 
location, or material, etc. are adjusted appropriately to meet 
the requirements. For example, as shown in FIG. 3a, the 
angle 6 included by the two structured arc sheets may range 
from 30 degrees to 270 degrees. The two structured arc 
sheets are at the same plane, and have the same curvature lO 
diameter but different thicknesses, as shown in FIG. 3b. 
Furthermore, the two structured arc sheets may have differ- 
ent curvatures at different planes, as shown in FIG. 3c. The 
light is emitted from the neighboring lamps of lamp 30 and 



a plurality of light sources for providing an ilhiminating 

Ught; 

a reflective housing adjacent to the l^t soun:es for 
receiving the light sources and reflecting the iUiuninat- 
ing light; and 

two structured arc sheets mounted at the periphen' of the 
light source for maldng the illuminating light wiiform, 
wherein the angle included by said stmctuied arc: sheets 
ranges from 30 degrees to 270 degrees. 

2, The apparatus as claimed in claim 1, wherein flie two 
structured arc sheets are in the same plane. 

3. The apparatus as claimed in claim 1, wheriin the 
stni(^red arc sheet is made of metal, polymetbyl methacry- 



then reflected by the structured arc sheets thereof to make up is late (PMMA), polycarbonate (PC), or glass. 



the insufficient illumination of the region 300 over the lamp 
30. Consequently, a uniform illuminating light is obtained 
through the optimum design and arrangement of the struc- 
tured arc sheets. 

Afterwards, the TracePro® simulation software is used to 20 
carry out a simulation of the dispersion of the illuminating 
light. FIG. 4 shows the simulation result of the preferred 
embodiment of the present invention, wherein each CCFL 
has two stractured arc sheets at its periphery. Comparatively, 
FIG. 5 illustrates the simulation result of no shiictured arc 25 
sheet being used. It can be seen clearly from FIGS. 4 and 5 
that the direcdy-under-light backlight module of the present 
invention has an enhanced uniformity of illuminating light, 
no shadows or line defects, and about 70% of utility rate of 
light so that a vast improvement in image quality is obtained. 30 
Furthermore, due to tiie variety of the adjustable parameters, 
such as curvature, shape, thidmess, location, or material etc. 
of the structured arc sheets, the displaying performance of 
the liquid crj^tal display may be optimized through appro- 
priate regulating of the aforementioned parameters. 

Although the present invention has been explained id 
relation to its preferred embodiment, it is to be understood 
that many other possible modifications and variations can be 
made without dqjarting from the spirit and scope of the 
invention as hereinafter claimed. 

What is claimed is: 

1. An apparatus for improving unifonnity used in a 
backlight module comprising: 



4. The apparatus as claimed in claim 1, wher;in the 
apparatus is used in a liquid crystal display. 

5. The apparatus as claimed in claim 1 wherein ihe two 
structured arc sheets are not in the same plane. 

6. An apparatus for improving uniformity used in a 
backlight module comprising: 

a plurality of %ht sources for providing an illuminating 
Ught; 

a reflective housing adjacent to the Ught sources for 
receiving the light sources and reflecticg the illuminat- 
ing light; and 

two strucmred arc sheets mounted at the perqihery of the 
light source for making the illtuninating Ught unifonn, 
30 wherein said structured arc sheets have diflfetenl thick- 
ness or curvature. 

7. The apparatus as claimed in claim 6, wherein Ihe two 
structured arc sheets are in the same plane. 

8. The apparatus as claimed in claim 6, wheiein the 
structured arc sheet is made of metal, polymethyl nvsthacry- 
late (PMMA), polycarbonate (PC), or glass. 

9. The apparatus as claimed in claim 6, whe}rein the 
apparatus is used in a liquid crystal display. 

40 10. The apparatus as claimed in claim 6 wherein the two 
structured arc sheets are not in the same plane. 
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(57) ABSTRACT 

An apparatus for homogeneously distributing lights includes 
a li^t guide plate, an incidence microstructure and an 
emergence microstructure. The incidence microstructure is 
arranged on a surface of the light guide plate and opposite 
to a light source. The emeigence microstructure is anranged 
on a surface of tibe ligiht guide plate opposite to the incidmce 
microstructure. The lights emitted by the light source pass 
through said apparatus theneby being homogenously distrib- 
uted. Thus tiie manufacture costs are lowered, and tlie light 
source utilization ratio is ina«ased. 

11 Claims, 6 Drawing Sheets 
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APPARATUS FOR HOMOGENEOUSLY 
DISTRIBUTING LIGHTS 

BACKGROUND OF THE INVENTION 

1. Field of the Inventioa 

The present invention relates generally to an apparatus for 
homogeneously distributing lights, and more particularly, to 
an apparatus for homogeneously distributing lights affiled 
to a direct type backlight module, 

2. Description of the Related Art 

Large- scale liquid crystal display (LCD) is mainly applied 
to a notebook computer or an LCD monitor Liquid crystal 
material does not emit light itself. Therefore an exXsaasA light 
source is needed for displaying images. Because of a trend 
of light, fliin, short and small styles of a light source of a 
backlight module, and a requirement for being applied to a 
large-scale panel, such as an LCD television (TV), the 
backlight module is not only supposed to have the above- 
mentioned advantages, but also have other advantages, such 
as high display liuninance, broad visual angle, distinct image 
contrast and long life. Therefore, direct type backlight 
module, which is designed for solving the limitations of low 
luminance in lateral sides thereof and unhomogeneously 
distribution of the lights, when used in large-scale panels, 
takes full advantage of its hi^ display luminance to apply 
direct type Imear light source for homograieously distribut- 
ing the lights; converts the homogeneous li^ts into area 
lights; and imports the area lights to the illumination area. 

General light source of direct type backlight module is 
cold cathode fluorescemt lamp (CCFL) or light emitting 
diode (LED). The CCFL has properties like high brightness, 
high efficiency and long life, and has a cylinder-shaped 
configuration which is easily coupled with light reflection 
components to form laminal lighting device. Therefore the 
CCFL has become tiie mainstream light emergence compo- 
nent. However, CCFLs are often arranged in a row and 
disposed at a bottom of an LCD panel, thereby the images 
displayed on the LCD are asymmetric in light intensity 
distribution because the division aiigles of the scattered 
lights are usually too large, and the light emergence direc- 
tions are usually disordered. Thus obvious profiles of the 
CCFLs are shown on the screen, which damage the quality 
of the images. Therefore, under the circumstance of direct 
type backlight module being applied, the larger of the 
dimension of the LCD panel and die greater of the number 
of the CCFLs are used, the more serious of the deficieni^ of 
blade and white stripes shown on the screen occurs. The 
above mentioned problem is a main bottle-neck in the way 
of the development of the LCD display quality. 

To solve the above mentioned problem, diflftision com- 
ponents and prisms are disposed between the CCFLs and the 
LCD panel to diffuse and then convage the lights. Therefore 
the lights emitted by the CCFLs are difiused, and then the 
difiusion angle is reduced for being efficiendy coupled with 
die LCD panel, hereby homogeneously distributing the 
lights. However, the above design applies so many optical 
components as to not easy to be manufactured, and sharply 
increase the costs. Furthermore, the effect of homogeneously 
distributing the lights of the design is iinite, and not the best 
solution to solve the problem. 

Referring to FIG. 6, U.S. Pat No. 6,280,063 discbses a 
multi-layer brightness erdiancanent article 60 for enhancing 
the on-axis luminance of a diffuse lighting device. The 
brightness enhancement article 60 comprises a base layer 61, 
a separate layer 62 plated on the a bottom of the base layer 
61, and a miciostnicture layer 63 arranged on a side of the 
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base layer 61 opposite to the separate layer 62. The si;parate 
layer 62 is used for diffusing the lights. The microst-ucture 
layer 63 is used for converging the diffused lights. By using 
the separate layer 62 and the micnostructure layer <53, the 

5 lights are homogeneously distributing. However, different 
processes are required in this invention for respectively 
fonning ihe separate \ayer 62 and the microstructure layer 
63, thereby increasing die manufacture costs. Furthermore, 
the processes are complicated and not suitable for mass 

10 production, and the effect of homogeneously distribu<ing the 
lights can not satisfy the images quality requiremmts of 
consumers. 

Referring to FIG. 7, US Pub. No. 20020001055 discloses 
a backlight module structure 70, which applies resin par- 
ts tides to form a light difiusion layer 71. The light diffiision 
layer 71 diffuses the lights emitted by a backlight source 72 
with wide-angle. A prism sheet 73 then converges th? lights 
to achieve an effect of homogeneous difiusion. Howe^'er, the 
backlight module strucmre 70 comprises so many con^K)- 
20 nents that leads to a complicated manufacture proci^ss and 
increases the manufacture costs. Furthermore, the hismoge- 
neous diffusicm effect and the efficiency of the light utiliza- 
tion can not satisfy the market demands. 
Additionally, conventional mediod also increases the 
25 number and the arrangement density of the CCFLs lo solve 
the problems of unhomogeneously distributing the lights 
and of the profiles of the CCFLs being shown an the screen. 
However, die method greatly increases the manufacture 
costs. Furthermore, because of the configure limitation, if 
30 any one of the CCFLs failures, the whole row of CCFLs will 
be replaced with a new one. Under the circumstanc? of the 
number of the CCFLs being increased, die chatLce and 
frequency of CCFL failure and replace are correspondingly 
increased. Thus the service life of the whole LCD panel is 
35 shortened. 

Thus an improved apparatus applied in the direct type 
backlight module for homogeneously distributing die li^ts, 
efficiently utilizing the light source, greatly lowej^ing the 
manufacture costs and meeting the demands of the market is 
40 desired. 

SUMMARY OF THE INVENTION 

The primary objective of the present invention is to 
45 'provide an apparatus for homogeneously distributing lights, 
which efficiently controls the light emergence dusction and 
homogeneously distributing the lights. 

Another objective of the present invration is to provide an 
apparatus for homogeneously distributing lights, which 
50 improves the light source utilization ratio. 

A further objective of the present invention is to provide 
an apparatus for homogeneously distributing lighti;, which 
applies fewer optical films, and cuts down the manufacture 
costs. 

55 And yet another objective of the present invention is to 
provide an apparatus for homogeneously <U5tributic(g lights, 
which is suitable for mass production. 

In accordance with die above and odier objectives, the 
present invention proposes an apparatus for homogeneously 

60 distributing lights. The ^paratus includes a light guide 
plate, an incidence microstructure and an emetgeoce micro- 
stroctore. The incidence microstructure is arranged on a 
surface of the light guide plate and opposite to a Iigl:it source. 
The emergence microstructure is arranged on a surface of 

6S the light guide plate opposite to the incidence microstrac- 
ture. Hie ligjhts emitted by the light source pass through said 
apparatus thereby being homogenously distributed . 
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34. Samsung had and continues to have actual knowledge of the '357 patent 
and their coverage of Samsung* s infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung-'s infringement of the *357 patent was and 

i 

continues to be willful. ] 

35. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 

substantial damages. { 

ii 

36. Unless Samsung is enjoined by this Court from continuing their 
infringement of the *357 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. ;, 

37. ITRI has incurred and will inciir attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITRJ is entitled to recover its reasonable and 

necessary attorneys' fees, costs, and expenses.) 

1 

VI. INFRINGEMENT OF U.^S. PATENT NO. 6,768,526 

38. On July 27, 2004, the USPTO |issued U.S. Patent No. 6,768,526, entitled 
"Time-Sequential Color Separator and Liquid Crystal Projector Using the Slame" 
(hereinafter **the *526 patent"). A true and cprrect copy of the '526 patent is attached 
hereto as Exhibit D . \ 

:| 

|l 

39. ITRJ is the owner of all right, ti^le, and interest in and to the ' 526 patent by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the: right to recover future royalties, damages, 
and income. j 

j 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pac:e 8 
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The apparatus can be applied to a backlight module of a 10. The light guide plate 10 comprises an incidence mrfece 
liquid crystal display (LCD) panel. The incidence micro- 11 and an emergence surface 15. The incidence surfaije 11 is 
structure and emergence microstnicture are manufactured by arranged opposite to the CCFLs 20. Lights emitted by the 
ultra-precision machining or micro-electio-mechanical sys- CCFLs 20 subsequently pass through the incidence surface 
tern (MEMS). The incidence microstnicture or emergence 5 11, the main body of the light guide plate 10 End the 
microstructure is one of the caotinnous and discondntioiis ^mergence surface 15, and then emit to an ad^acetrc liquid 
honeycombed, circular, irregular or circular dot structure, or crystal di^lay (LCD) panel (not shown) for displaying 
of a micro lens array structure, or any one of said structure images. 

incorporating a plurality of micro particles. The guide light The incidence surface 11 and the emergence surface 15 
plate having a refractive index greater than the outside lO respectively define a plurality of interlaced first areas 12 and 
environment is made of a light transmitting polymer mate- second areas 13. Hie first areas 12 of the incidence surfece 
rial and semi light transmitting polymer material. The light 11 and the emergence surface 15 correspond to the CCFLs 
source is a plurality of parallel cold cathode fiuorescemt 20. The second areas 13 of the incidence surface 11 £ind the 
lamps (CCFLs). emergence surface 15 correspond to the spaces sand wiched 

The emergence microstnicture of the emergence surface 15 between the CCFLs 20. Each first area 12 defines an 
is designed for damaging total reflection of the lights in the incidence microstructure 30. Each second area 13 deHnes an 
light guide plate, thereby the lights experienced at least one emergence microstructure 35. When the lights emitted by 
time total reflection pass through the emergence surface die CCFLs 20 pass through the incidence micro stru(;ture 30 
where does nof correspond to the light source, and emit to and enter the light guide plate 10, the lights are scattered 
the outside environment environment. Thus the directions of 20 with wide-angle, thereby occurring total reflectiori in the 
the lights passing through the incidence microstructure of light guide plate 10. After at least one time total reflection in 
the incidence surface are changed, accordingly, the lights are !the light guide plate 10, the lights amt to the outside 
homogeneously distributed, and ftuther die light source environment through the emergence microstructuies 35. 
utilization ratio is increased. That is, by applying the incidence microstructures 30 and the 

25 emergence microstructtires 35, the lights emitted by the 
BRIEF DESCRIPTION OF THE DRAWINGS CCFLs 20 are not only emitted through the first are as 12 of 

the emefgence sur&ce IS, but also tfirough the second areas 

The drawings included herein provide a iiiidier und^- 13 of the emergence sur&ce 15 to the outside mvir3nment. 
stantUng of the invention. Abrief description of the drawings Thus the lights generates by the CCFLs 20 are tomoge- 
ts as follows: 30 neously distributed. 

FIGS. lA and IB are schematic views of an apparams for More specifically, the light guide plate 10 is made of 
homogeneously distributing lights applied in a backlight transparent polymer material having a low light absi^rbency, 
module in accordance witii a preferred embodiment of the or of light transmitting polymer material, or alternately of 
present invention; semi light transmitting polymer material. Said materials 

FIG. 2 is a schematic view of light passages of the 35 have a refiactive index greater than tihat of llie outside 
apparatus of FIGS. lA and IB; environment (such as the air) where the CCFLs 20 are 

FIG. 3A is a light intensity distribution chart of a con- located, thereby increasing the chance for occurring total 
ventional backlight module; reflection inside the light guide plate 10. The thickness of the 

FIG. 3B is a light intensity distribution chart of the light guide plate 10 (i.e. the distance from die incidence 
backlight module applying the apparatus of FIG. lA and/or 40 surface 11 to the emergence surface 15) can be adjusted 
FIG. IB; according to the requirement and design. In a backlight 

FIG. 4 is an alternative embodiment of the apparatus for module, the thickness of the light guide plate 10 isi usually 
homogeneously distributing lights of the present invention; in a millimeter (mm) scale. The incidence micros'mtures 

FIG. 5 is still an alternative embodiment of the apparatus 30 and the emergence microstructures 35 are mani';fectured 
for homogeneously distributing lights of the present inven- 45 by ultra-precision machining or micro-electro-mechanical 
tion; system (MEMS). In the present embodiment, the; section 

FIG. 6 is a schematic view of a conventional multi-layer view of the incidence microstructure 30 or the emergence 
brightness enhancement article disclosed in U.S. Pat. No. microstructure 35 is a longitudinally arranged coatinuous 
6,280,063; and zigzag structure having a triangle section along the CCFLs 

FIG. 7 is a schematic view of a conventional backii^t 50 20. The configuration of the incidence microstructure 30 or 
module structure disclosed in US Pub. No. 20Q200010S5. the emergence microstructure 35 can be designed as a 

circular strucUn-e, a circular dot structure, or an irregular 
DETAILED DESCRIPTION OF THE structure; or the angle, height, arrangement density or the 

PREFERRED EMBODIMENT like thereof can be various according to different sjiecifica- 

55 tions or requirements; or a plurality of micro particles can be 

Embodiments of an apparatus for homogeneously distrib- mixed therein. Therefore, die passages of the lights are 
uting lights 1 (this is referred to simply as "a^Jaratus") of changed for improving the total reflection condition of the 
the present invention will now be explained in detail with light guide plate 10. Chance for occurring total reflection is 
reference to the drawings. increased because the incidence angles of the lights, entering 

Referring to FIGS. lA and IB, schematic views of the 60 into the light guide plate 10 through the incidence micro- 
apparatus 1 applied in a bacldight module in accordance structure 30 are more likely greater than the conesponding 
with a prefeffed embodiment of the present invention are critical angle. Consequently, by properly choosing the mate- 
shown, wherein the FIG. IB is a side view of the FIG. lA. rial and the refractive index of the light guide plate 10, and 
The appaiams 1 is disposed on a surface of a main body of the location and configuration of the incidence microstruc- 
a backlight module 5. The backlight module 5 comprises a 6S tures 30, the probability for the incidence lights occurring 
plurality of parallel cold cathode fluorescent lamps total reflection is greatly increased. Furtheimore, by piop- 
(CQ'Ls) 20. The apparatus 1 comprises a light guide plate eiiy choosing the location and configuration of yhs oner- 
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gence microstnictures 35, the probability for the lights 40 and emergence microstructure 45 are designed Eis (Ms- 
entering into outside environment through the second areas continuous microstructures, and defined in die first areas 12 
13 of the emergence surface 15 is greatly increased. of the incidence surface 11 and the second areas 13 of the 
Referring to FIG. 2, passages of the lights emitted by the emergence surface 15 by MEMS . The incidence micit)struc- 
CCFLs 20 are further illustrated (illustrated with the lights 5 ture 40 or emergence microstructure 45 comprises a plural- 
emitted fiom only one CCFL). The lights pass through the hy of evenly spaced teeth for changing the critical angle of 
incidence microstructure 30 of the first area 12 of the total reflection of the lights entering the light guide plate 10, 
incidence surface 11, and enter into the light guide plate 10. and further for homogeneously distributing the lighr s. FIG. 
Part of the lights occur total reflection in the light guide plate 5 illustrates another alternate embodiment of an em<;rgence 
10, and transmit along the light guide plate 10. Said Hghts lO microstructure 50 of the present invention. The emergence 
occuiring total reflection Uien pass through the emergence micrcstrucmre 50 is an uninterrupted micro lens array which 
microstructure 35 which breaches the total reflection con- is arranged on the emergence surface 15 for changing the 
dition of the light gmde plate 10, and then emitted to the condition of total reflection of the hghts entering the light 
outside environment through the second area 13 of the guide plate 10, and ftirthesr fiir homogeneously distiibuting 
emergence surface 15. Therefore, the lights emitted from the 15 the li^ts. The emergence nricrostracture 50 can be shaped 
firet area 12 of the emergence surface 15 are greatly as one of the honeycombed structure, circular dot structure 
decreased, and the lights emitted from the second area 13 of and irregular structure, or any one of said structur? incor- 
Ihe emeigence surface 15 are correspondingly greatly porating micro particles. 

increased. Thus tiie lights emitted fiom the whole light guide The above embodiments of the apparatus 1 are disscnbed 

plate 10 are homogeneously distributed, the deficiency of 20 as being applied to a direct type backlight module, whereas 

profiles of the CCFLs 20 shown on the LCD screen of prior the apparatus 1 can also be applied to other device whose 

arts is eliminated. lights emitted from a light source need to be gidded or 

Referring to FIG. 3 A, a light intensity distribution chart of distributed to other structures. Furthennore, the light source 

the CCFLs of conventional backlight module is illustrated. of the present invention is not limited as the CCFLf; 20, but 

As can be seen, the light intensity is unhomogeneously 25 can be any type of light source whose lights directions can 

distributed. Referring to FIG. 3B, a light intensity distribu- be controlled by various incidence microstructures or emer- 

tion chart of the CCFLs of present invention is illustrated. As gence microstmctures. 

can be seen, compared with FIG. 3A, the light intensity is Conclusively, the apparatus 1 of the present invettion can 

substantially homogeneously distributed. By applying the homogeneously distribute lights, improve light source uti- 

incidence microstructures 30 and the emergence microstruc- 30 lization ratio; reduce the usage of optical films, lower the 

tures 35 to the light guide plate 10, the light energy density manufachire costs and be applied to mass product;,<3n. 

emitted through the first areas 12 of the emeigence surface It should be apparent to those skilled in the art that the 

15 is greatly decreased, and correspondingly, the light above description is only ilhistrative of specific cmbodi- 

energy density emitted through the second areas 13 of the ments and examples of the invention. The invention should 

emergence surface 15 is greatly increased, thereby forming 35 therefore cover various modifications and variationE made to 

the light intensity distribution shown in FIG. 3B. The the herein-described stnictuie and operations of the inven- 

appatatos 1 of the present mvention is thus homogeneously tion, provided they fall within the scope of the invention as 

distributing the lights, simultaneously, die light source uti- defined in the following appended claims, 

lization ratio is increased, the manufacture processes are What is claimed is: 

simplified, and the manufacttire costs are lowered. 40 1. An apparatus for homogeneously distributir g lights, 

The foregoing detail description is only a preferred comprising 

embodiment of the present invention, m which, the inci- a single-layered light guide plate comprising an incidence 

dence microstructures 30 and emeigence microstructures 35 surface and an emergence surface each of which 

are designed as a continuous shape. However, other struc- defines a plurality of interlaced first areas and second 

tures which can achieve an effect of light dijffusion or light 45 areas, wherein each of the first areas is smallei than any 

total reflection also can be applied to the present invention, of the second areas; 

the best dimension and designed configuration of the struc- an incidence microstructure being arranged or, the first 

ture can be various in accordance with the specification of areas of the incidence surface of tiie lig^ guide plate 

the backlight module and the LCD panel, or of the distance and directly in firant of and opposite to a liglit source; 

fromtheplurality of CCFLs 20 to the light guide plate 10. 50 and 

Additionally, the feature of the present invention is that the an emergence microstructure, the emergence microstruc- 

first areas 12 of the incidence surface 11 of the light guide ture being arranged on the second areas of iie emer- 

10 define the incidence mictosmictures 30 for occumng gence surface of the light guide plate opposite to the 

total reflection, whether or not the emergence microstruc- incidence microstructure; 

tures 35 are defined in the emergence surface IS does not 55 wherein light emitted by the light source passes through 

enormously influence the effect of lights homogeneously said apparatus thereby being homogeneously distrib- 

distributed. Besides the embodunents di sclo sed above, other uted. 

embodiments, such as the emergence surface 15 defines the 2. The apparatus as claimed in claim 1, wherein the 

emeigence microstructures 35 in all the areas thereof, or the incidence microstnicmre is a continuous structure or a 

emergence surface 15 does not define the emergence micro- 60 discontinuous structure having a triangle cross-s<!ction and 

structures 35 therein, can also be applied in the present longitudinally arranged along the light source, 

invention. 3. The apparatas as claimed in claim 1, wherein the 

Referring to FIG. 4, an alternate embodiment of an emergence microstructure is a continuous struc:ture or a 

incidence microstructure 40 (corresponding to the incidence discontinuous structure having a triangle cross-section and 

microstructure 30) and an emeigence microstructure 45 65 longitudinally arranged along the light source, 

(corresponding to fh& emeigence microstructure 35) of the 4. The apparatus as claimed m claim 1, wherein the 

present mvention is illustrated. The incidence microstructure emergence microstructure is a micro lens array j tructure. 
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5. The apparatus as claimed in claim 4, wherein the micro 
lens array structure is a structure selected from the groups 
consisting of honeycombed structure, circular dot structure 
and irregular structure. 

6. The apparatus as claimed in claim 1, wherein the light 
source is a plurality of lamp. 

7. The apparatus as claimed in claim 1, wherein the light 
guide plate is made of one of a light transmitting polymer 
material and a semi light transmitting polymer material. 

8. The apparatus as claimed in claim 1, wherein the 
apparatus is q)plied to a backlight module of an LCD panel. 
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9. The apparatus as claimed in claim 1, when;in the 
incidence microstructure is comprised of a plurality of 
straight grooves. 

10. The apparatus as claimed in claim 9, wher?in the 
emergence microstructure is comprised of a pliu:£ility of 
straight grooves. 

11. The apparatus as claimed in claim 1, wherein the 
emergence microstructure is comprised of a phmility of 
straij^t grooves. 

) 

***** 
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ABSTRACT 



A luminaire with reflector of negative focal lengfli is dis- 
closed, which comprises a light source and a luminaine 
screen having a reflector of negative focal length, a side 
screen and a plate; wherein the reflector of negati\'e focal 
length is capable of reflecting the upward-incident rays 
emitted J&om the light source; and the side screen is capable 
of reflecting the sideward-incident rays emitted fiom the 
light source and the reflected rays of the reflector, and die 
plate being disposed at the lower portion of the luininaire 
screen beneath the light source has a plurality of micro- 
stmctures arranged thereon and is capable of accepting the 
rays of the downward incident area along with both the 
reflected rays of the reflector and the side screen so as to 
difRise the same for discharging- By the luminaire screen of 
the invention, the rays emitting from the light source of the 
luminaire are reflected and directed to a preferred discharg- 
ing area so as to enable the rays to be discharged o it of the 
luminaire by laige angles for reducing glare. 

16 Claims, 7 Drawing Sheets 
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(PRIOR ART) 
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FIG. 2 




FIG.3 




FIG. 4 
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FIG. 7 
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FIG. 10 
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40. The *526 patent is valid and eniforceable. 

41 . All requirements under 35 U.SiC. § 287 have been satisfied with respect to 
the '526 patent. ! 

42. Samsung has been and is infringing the *526 patent by making, using, 
selling, offering for sale, and/or importing in or into the United States, without authority, 

products that fall within the scope of one or nlore claims of the *526 patent, including but 

i 
li 

not limited to Samsung video projectors. j 

il 

43. Samsung has been and is continuing to induce infringement of the '526 

i 

patent under 35 U.S.C. § 271(b) and contribi|ites to the infringement of the '526 patent 
under 35 U.S.C. § 271(c), m conjunction wifli such acts of making, using, offering for 

sale, and/or importing in or into the United States, without authority, products that fall 

i 

within the scope of one or more claims of the '526 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

44. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to s ustain 
substantial damages. \ 

45. Unless Samsung is enjoined! by this Court from continuing their 

i! 

infringement of the '526 patent, ITRI will! suffer additional irreparable hamri and 
impairment of the value of its patent rights. | 

46. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances; of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITBl is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses, i 
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REFLECTOR WITH NEGATIVE FOCAL In view of the abovementioned shortcomings, it is require 

LENGTH to have an improved illuminating device with high luininaire 

efficacy for &e sake of environmental conservation and also 
FIELD OF THE INVENTIOK capable of reducing glare. 

5 

^ . . , fi ^ -.v, SUMMARY OF THE INVENTION 

The present invention relates to a reflector with negative 

focal length and more particularly, to a r^ector with ^^^^^^ ^ 

native focal lengtti adapted for replacmg the rdaector with ^^^^^^ ^.^^ ^^^^^ ^^ ^^^ replacing the 

positivefocallengthairangedattheupperaeaofacommon ^flector with positive focal length arranged at the upner area 

Jmninaire screen, by which rays emitting firom the lamp of common luminaire screen, by which rays emitting fiom 

the luminaire are reflected and directed to a preferred i^mp of the luminaiie are reflected and directed to a 

discharging area so as to enable the rays lo be dischaige out prefeired dischaiging area so as to enable the rays to be 

of the luminaire by large angles for reducing glare, in discharge out of the luminaiie by large aAgles for reducing 

addition, the height of the luminaiie can be reduced. 15 glare, in addition, the height of the luminaire can be reduced. 

It is another object of the invention to provide a luminaire 

BACKGROUND OF THE INVENTION screen with microstructures arranged th«-eon for ligti blend- 
ing, by which LEDs can be employed as the light sources of 

Before the invention of the light bulb, illuminating the a luminaire while the luminaire can have good himinous 

world after the sun went down was a messy, arduous, efficacy. 

hazaidous task. It took a bundi of candles or torches to fully Yet, another object of the invention is to provide a plate 
light up a good-sized room, and oil lamps, while fairly having a plurality of microstructtires disposed thereon, 
effective, tended to leave a residue of soot on anything in which is airanged at the lower portion of a luminaire under 
theirgeneralvicinity.Withtheinventionoflightbulbalong „ *he light source thereof so as to better diffuse the rays 
and as the science of electricity reaUy got going in the mid *schaigmg out of the lummaire and thus reducmj, glare. 
1800s, the easy-to-use lighting technology was such an To achieve the above objects, the present inveniion pro- 
improvement over the old ways that the world never looked vides^ ^^^^^ with reflector of negative foc^J length 
. which compnses a light source and a lummair? screen 
' . . J . 1. having a reflector of negative focal length, a side screen and 
Currently, the application of lUummatmg device can be 30 ^ pj^^^. ^jje^ein the rays emitting from the Ught source is 
categorized into two fields. One of which is the construction divided by three area: a upward mcident area induding the 
industiy, feat includes all sorts of ligh^ systems adapted incident to the reflector of negative focal length as seen 
for private bousing umts, commorcial buildings, and public pIG. 2; a sideward incident area including rays incident 
transportation systems like highway and railway, and so on, to the side screen as seen in FIG. 3; and a downward incident 
so as to achieve objects of comfort, beautificatiou, and area including rays incident to the plate as seen in FIG. 4; 
safety; another filed is the commercial goods, that includes and the reflector of negative focal length is capable of 
all sorts of light source adapted for auto lamps, indoor reflecting the rays of upward incident area; and the side 
lightings and consumer electronics, etc. As in the Year 2000, screen is capable of reflecting the ray of the sidewaid 
the largest demand for illuminating devices lays in the incident area and the reflected rays of the refiectoj:; and the 
United State of American. Generally, the demand for illu- plate being disposed at the lower portion of the luminaire 
minating devices is growing in a rapid path following the screen beneath the light source has a plurality of microstruc- 
growth of global economy. Nevertheless, as (he environ- t««*es arranged thereon and is capable of acceptini; the rays 
mental awareness also grows witii the global economy, it is , downward incident area along with both the; reflected 
in great demand to have green lighting systems for enhanc- 45 of ^^^^.^^^f ^'^ ^^'^^ ^ ^° 
ing environmental protection and energy conservation. iwrharging. , , ^ , 
" ^ . ^ These and other objects, features and advantages of the 
Please refer to FIG. 1 which is jcross-section of ^^^^^ ^^^^^^^ ^^^^^ ^^^^ ^pp^^^ ^p„^ ^ 

lighting system discbsK^ i?,JI:f;,^l,.^^;^^ri'S^' sideration of the following description of the preferred 
^:S^^r ^1?^ embodiments of the present invention taken in conjunction 

WmTLIGH^^AsseenmFIG^l,thew^^ SO ^j^h the accompanA drawings. 
1 has at least three light-emittmg diodes (LEDs) 11 for 

providing visible light at pre-selected wavelengths. In opera- ^j^^p DESCRIPTION OF THE DRAWINGS 

tion, the white lighting system 1 is provided with at least one 

fourth light-emitting diode 12 which, emits visible lightin a cross-section of a lighting system disclosed in 

iurther wavelength region, the maximum of the spectral 55 „ . A^tiA^A^ e / 

emission of the fourth light-emitting diode 12 lying in the ^t^Z, \ . ..^^ t. • ^ 

further wavelength region from 575 to 605 mn. Moreover, . FIG- 2 « a schematic illustration showing a upward 
the screen 13 is provided on a side facing the LEDs 11, 12 ^ ^^^^ ^ 

with reflection means 14 which diSiisely reflect while light present invention. 

so as to effectively blend the light of the LEDs 11, 12. 60 ^G. 3 is a schematic illustration showmg a sideward 
However, the luminaire structure as disclosed in the U.S. incident area of lays enutting fix)m a light source of the 
Pat. No. 6,234,645 has low luminaire efficacy since it can present invention. 

not guide and scatter the rays emitted from the light source FIG. 4 is a schematic illustration showing a downward 
such tiiat the referring lighting system 1 can not control the incident area of rays emittmg from a light source of flie 

distribution of luminous intensity, not to mention the 65 present invention. 

enhancemait of luminance efficacy of a source of light while FIG. 5 shows a luminaiie witii reflector of nef native focal 
glare still can not be avoid. \eaf^ according to a &st embodunent of the invention. 
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FIG. 6 shows a Juminaire with reflector of negative focal side screen 73 is attached to the edge of the planar nsflector 

length according to a second embodiment of the invention. 72 similar to that of FIG. 2. By using the luminaire screen 

FIG. 7 shows a luminaire with reflector of negative focal of FIG. 7, the space occupied by the luminaire can be 

length according to a third embodiment of the invention. reduced since the volume of the luminaire screen is nsduced. 

FIG. 8 is a profile of light intensity generated by a 5 For enabling the planar reflector 72 to have th? same 

huniiiaire with reflector of negative focal length of the function as the reflector with negative focal lengtli 71, a 

invention for glare reduction. Fresnel lens must be fonned on the surface of the planar 

FIG. 9 is a cross-section of a plate being disposed at the reflector 72 that is composed of a plurality of micrastruc- 

lower portion of the luminaiie screen beneath the light tures forming a regular formation like sawtooth or an 

source according to the present invention. 10 irregular fonnation. Therefore, by the Fresnel lens formed 

FIG. 10 is a cross-section showing a plurality of micro- on the planar reflector 72, the upward-incident rays «:mitting 

structures being arranged on the side screen of a luminaire from a light source 73 are reflected to the side screen 73 by 

with reflector of negative focal length according to the the reflector 72, and then are further reflected sa as to 

present invention. generate a plurality of discharging rays 75 similar :o those 

FIG. U is a 3D diagram showing a plate with microstruc- i5 shown in FIG. 5. 

tures disposed thereon according to the present invention. Please refer to FIG. 8, which a profile of light intensity 

FIG. 12 is a 3D diagram showing the side screen with generated by a luminaire with reflector of negative focal 

microstroctures awanged thereon according to the present length of the invention for glare reduction. As seen in FIG. 

invention. ^> outlook of the luminaire screen 70 with, planar 

20 reflector is simple and compact, and the discharging angle o f 

DESCRIPTION OF THE PREFERRED a luminaire with planar reflector defined by the twtJ arrows 

EMBODIMENT 82 is latger than that of a luminaire without planar leflector, 
which is defined by the two arrows 81. The luminjiice with 

For your esteemed members of reviewing committee to small discharging angle is pone to generate glare that causes 

ftirther understand and recognize the fulfilled fiinctions and 25 eye-fatigue since the light intensity of the illuminai ing area 

structural characteristics of the invention, several preferable of the luminaire directly under tlie luminaire screm is far 

embodiments coopeiatmg with detailed description are pre- larger than that of the off-center area of the luminairs screen, 

salted as the follows. By virtue of this, the use of the planar reflector is iotended 

The present invention improves structure of the screen of to enable the light intensity of the illuminating an;a of the 

a common luminaire and the surface finishing thereof such 30 luminaire directly under the luminaire screai to be ahnost 

that the transmission direction of the rays emitting by the equal to that of the off'-center area of the luminaii-e screen 

luminaire can be changed. Further, the manufacturing cost of and is reduce to the range acceptable by human eye as 

the impit>ved luminaire is not aversely affected, but can illustrated by the profile of light intensity 84 seen in FIG. 8 

provide better illumination for exterior lifting, wide-angle such that the phenomenon of eye-fatigue can be a^'oid after 

lighting and preferred anti-glare fimction with reductioin of working fer long hours under the illimiiiiation of liie lumi- 

the height of the luminaire. naire witii planar reflector. 

Please refer to FIG. 5, which shows a luminaire with FIG. 9 shows a cross-section ofa plate 94 being disposed 

reflector of negative focal length according to a first embodi- at the lower portion of the luminaire screen beneatii the light 

ment of the invention. In FIG- 5, the top of the luminaire source 93, the luminaire screen comprising a planaj reflector 
screen 20 is a reflector of single negative focal length 51, 40 91 a side screen 92. As seen in FIG. 9, a plurality of 

such that the cross section of the luminaire screai 20 is a microstroctures 941 are disposed on the plate who ;e forma- 

concavity with a side screen 52 connecting to the edge of the tion can be of the shape of sawtooth, or each can be a difiuse 

reflector 51. By the luminaire screen 20 of FIG. 5, the point of a shape selected from the group conjiisting of 

upward-incident rays emitting from a light source 53 are first diamond, sphere, column, and irregular shapes, ^/^oreover, 
reflected to the side screen 52 by the reflector 51, and then 45 the plural microstrucmres disposed on die plate ai.« formed 

are fiirther inflected such that a plurality of discharging rays by a manner selected from the group consisting of apart from 

54 are generated. It is noted that ibe discharging rays 54 are one another by an equal interval and apart from one another 

disdiaige out of the lumindre by large angles for reducing by different intervals, so as to regulate the amouot of rays 

glare. In addition, the height of the luminaire can be reduced. discharging from the plate 94. 

However, the luminaire with reflector of single negative 50 FIG. 10 shows a cross-section of a plurality of micro- 
focal length can be fiirther improved. stnicUires 1021 being arranged on the side screen 102 of a 

hi FIG. 6, which is a luminaire with reflector of negative luminaire with planar reflector 101 according to tlie present 

focal length according to a second embodiment of the inveotion, the luminaire fiirther comprising a li^^t source 

mvention, the top of the lummaire screen is a reflector of 103 and a plate 104. As seen in FIG. 10, a plurality of 
multiple negative focal lengths 61. As seen in FIG. 6, the 55 microstructures 1021 are disposed on die side screen 102 

reflector 61 is a combination of a plurality of concentric that each can be a difiuse point of a shape selected from the 

concavities shrinking downwardly in diameter and the cross group consisting of diamond, sphere, column, and in-^lar 

section thereof shows that a side screen 62 is connected to shapes. Moreover, the plural microstructures 1021 disposed 

the edge of the reflector 61, By the reflector of multiple on the side screen 102 are formed by a manner sel(jctedfrom 
negative focal lengdis 61, the upward-incident r^s emitting 60 the group consisting of apart from one another by an equal 

from a light source 63 are reflected to the side screen 62 in interval and apart from one another by deferent intervals, so 

a diverse manner. However, the manufacture of the lumi- as to enable the discharging of evenly distributed dischaig- 

naire of FIG. 6 is costly and complicated such that it is not ing light 105 for preventing glare as well as reiucing the 

feasible in reality. volume of the luminaire. 

For the third embodiment of the invention shown in FIG. 65 Please refer to FIG. 11, which is a 3D diagran showing 

7, the reflector with negative focal length 71 similar to that a plate 114 with microstructures 1141 dispo»Mi thereon 

shown is FIG. 2 is replaced by a planar reflector 72 while a according to the present invention, the plate 114 bang 
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arranged at the lower portion of a luminaire screen consist- source enables the luminaire to have more evenly dislributed 

ing of a planar reJQector 111 and a side screen and being dischaiging light so that the phenomenon of glare can he 

beneath a light source. As seen in FIG. 11, the plate 114 has reduced and the luminaire is enstired to have *.e light 

a plurality of sawtooth-like microstnictures disposed intensity profile as shown in FIG. 8 while the height of the 

thaeon and the planar reflector 111 has a plurality of bar-like 5 luminaire can be reduced 

microstnictures 1111 di^osed thereon. While tiie prefeired embodiment of the invention has been 

Please refer to FIG. 12, which is a 3D diagram showing set forth for the purpose of disclosure, modificationi> of the 

a luminaire screen with side screen 122 having a plurality of disclosed embodiment of the invention as well as other 

microstnictures 1221 arranged thereon according to the embodiments thereof may occur to those skilled in the ait. 

present invention, the luminaire screen fiorther comprisii^ a 10 Accordingly, the appended claims are intended to cover all 

planar reflector 121 and a plate 124. As seen in FIG. 12, the embodiments which do not depart fixan the spirit mi scope 

side screen 122 has a plurality of sawtooth-like microstruc- of the invention, 

tures 1221 disposed thereon and the planar reflector 121 has What is claimed is: 

a plurality of bar-like microstnictuies 1211 disposed 1. A luminaire with reflector of negative focal length, 

thereon. is comprising: a li^t source and a luminaire screraj having a 

To sum up, the present invention provides a luminaire reflector of negative focal length, and a side screen, wherein 

with reflector of negative focal length which comprises a the reflector of negative focal length is capable of reflecting 

light source and a luminaire screen having a reflector of Hhe upward-incident rays emitting firom the light sounce, and 

negative focal length, a side screen and a plate. Wherein the the side screen is capable of accepting the sideward-incident 

rays emitting firom the light source is divided by three area: 20 rays emitting from the light source and the reflected rays of 

a upward incident area including the rays incident to the the reflector for reflecting the same, wherein the luminaire is 

reflector of negative focal length; a sideward incident area configured to evenly emit light directly from the side screen, 

including rays incident to the side screen; and a downward 2. The luminaire of claim 1, wherein the ov»all shape of 

incident area including rays incident to the plate; and the the luminaire is selected from the group consisting of a 

light source is a lighting means selected from the group 25 symmetric shape and an asymmetric shape with rejpect to 

consisting of a means of single light source, a means of the characteristics of the li^t source, and a metal rtiflective 

multiple light sources. The reflector ofnegative focal length surface with reflective index ranged between 0 and 1 is 

is capable of reflecting the rays of upward incident area attached onto the surfaces of both flie reflector and the side 

which can be a planar lens of n^ative focal length and is screen. 

selected from the ^up consisting of a reflector of multiple 30 3. The luminaire of claim 1, wherein the refliJCtor of 

focal points and a reflector of signal focal point. The side negative focal length is made of a negative lens elected 

screen is capable of reflecting the ray of the sideward from a group consisting of a symmetric lens and an asym- 

incident area and the reflected rays of the reflector which has metric lens. 

a plurality of microstnictures arranged on the surface 4. The luminaire of claim 1, wherein the reflector of 

thereof, wherein each microstnictures can be a difluse point 3S negative focal length is selected from the group consisting of 

of a shape selected from the group consisting of diamond, a reflector of multiple focal points and a reflector of single 

sphere, column, and irregular shapes and is disposed by a focal point. 

manner selected from the group consisting ofapart from one 5. The luminaire of claim 1, wherein tiie sidt- screen 

another by an equal interval and apart from one another by fiirther comprises a plurality of microstnictures arranged on 

difierent intervals so as to regulate the amount of rays 40 the surface fliereof, each microstructurebeiqgadiQu.se point 

dischaiging from the side screen. The plate being disposed of a shape selected from the group consisting of diamond, 

at the lower portion of the luminaire screen beneatii the light sphere, column, and irregular shapes, 

source has optionally a plurality of microstnictures arranged 6. The luminaire of claim 1, wherein the light source is a 

theieon and is capable ofaccepting the rays of the downward lighting means selected from the group consisting of a 

incident area along with both the reflected rays of the 45 means of single light source, a means of multiple light 

reflector and the side screen so as to difiuse the same for sources; and the light source is selected from the group 

discharging, wherein each microstnictures can be a diffuse consisting of point light sources and bar light soU)X:es, the 

point of a shape selected from tiie group consistii^ of point light source bemg selected fix>m the gro^ cctnsislii^ 

diamond, sphere, column, and irregular shapes and is dis- of high intensity discharge (HID) lamps and light emitting 

posed by a manner selected from the group consisting of so diodes (LED) the bar light source being selected Jxom the 

apart from one another by an equal interval and apart from group consisting of cold cathode fluorescent lan^s (CCFL) 

one another by difierent intervals so as to regulate the and fluorescent lamps. 

amoimt of rays dischai^ng from the plate. Moreover, in a 7. The luminaire of claim 1, wherein the reflector is a 

preferred embodiment, a metal reflective surface with reflec- curved reflector. 

tive index ranged between 0 and 1 is further attached onto 55 8. The luminaire of claim 1, fiirther comprising a plate 

the surfaces of both the reflector and the side screen and the with a plurality of microstnictures disposed thereon, being 

plate is made of a material selected fixam tiie group consist- disposal at the lower portion of the luminaire screen beneath 

ing of Polycarbonate (PC), Polymethyhnethacrylate the light source, capable of accepting the downward-inci- 

(PMMA), and Polyethylene Terephthalate (PET). dent rays emitting from the ligtt source along with both the 

In a prefened embodiment, the reflector ofnegative focal 60 reflected rays of the reflector and the side screen so as to 

length of a himinaire screen, which can be a planar reflector, difiuse flie same for dischaiging. 

is used for reflecting the rays of the upward incident area and 9. The luminaire of claim 8, wherein the microstnictures 

thus to increase the times of the same to be reflected inside on the surface of the side screen are disposed by £i maimer 

the luminaire screen, and eventually, for enabling the lumi- selected from the group consisting of apart from one another 
naire to have larger discharging ai^le and better distribution 65 by an equal interval and apart from one another by different 
of luminance, hi addition, the disposition of a plate at the intervals, so as to regulate the amount of rays discharghig 
lower portion of the luminaire screen beneath the light from the side screen. 
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10. The luminaire of claim 8, wherein the plural micro- 
structufes disposed on the surface of the plate are formed by 
a manner selected from the group consisting of integrally 
formed with the plate and doped the plate with micro 
particles. 5 

11. The luminaiie of claim 8, wherein tiie plural micro- 
structures are disposed on the plate at a position selected 
from the group consisting of the top surface of tihie plate, the 
bottom surface of the plate, and both. 

12. The liuninaire of claim 8, wherein the plate is made of lo 
a material selected from the group consisting of Polycar- 
bonate (PC), Polymethyhnethacrylate (PMMA), and Poly- 
e^ylene Teiephthalate (PET). 

13. The luminaire of claim 8, wherdn each microstructure 
of the plate is a diffiise point of a shape selected from the 



group consi 



8 

isting of diamcMid, sphere, column, and iniegular 



14. The luminaire of claim 8, wherein the microstnictures 
on the surface of the plate are disposed by a manner selected 
from the group consisting of apart from one anothei by an 
equal interval and apart from one another by different 
intervals, so as to regulate the amount of rays discltaiging 
from the plate. 

15. The luminaire of claim 8, wherein the plate is a 
Fresnel lens for diffiising the incident rays thereon. 

16. The luminaire of claim 8, wherein the reflecl.or is a 
planar reflector. 
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ABSTRACT 



An organic light emitting diode (OLED) with a brijjhtness 
enhancer. The OLED comprises a substrate havini; a first 
sur&ce and a second surface oppositely. An anode electrode 
is disposed on the first surface of the substrate. An oi^anic 
light emitting layer is disposed on the anode elecljxjde. A 
cathode electrode is disposed on the organic light emitting 
layer. A brightness enhancer is disposed on the second 
surface of the substrate. 
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